WO 2007/04135gPCT/US2006/038174 1 5 SUBSTITi 5ED PYRAZOLE

GV MNRS WROSS- REFERENCE TO RELATED LIC%E %96/038174
This application claims the benefit of U.S. Provisional Application No. 10

60/722,217, filed September 30, 2005, and U.S. Provisional Application
No. 60/732,340, filed October 31, 2005, and U.S. Provisional Application
No. 60/733,868, filed November 4, 2005, all of which are incorporated
herein by reference in their entirety. 15 FIELD OF THE INVENTION This
invention is directed to protein kinase inhibitors, compositions comprising
such inhibitors, and methods of use thereof.iMore particularly, the
invention relates to inhibitors of Aurora A (Aurora-2) protein kinase. The
invention also relates to pharmaceutical compositions, as well as to

methods of 20 treating d|§‘é§§3§%l§%@ﬁ§f§m§

especially diseases associated with Aurora A, such as cancer.
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BACKGROUND OF THE INVENTION
The search for new therapeutic agents has been greatly aided in recent
25  years by better understanding of the structure of erzymes and other biomolecules
associated with target diseases. One important class of enzymes that has been the
subject of extensive study is the protein kinases.
Protein kinases mediate intracellular signal transduction by effecting a
phosphoryl transfer from a nucleoside triphosphate to a protein acceptor that is
30 involved in a signaling pathway. There are a number of Xinases and pathways
through which extracellular and other stimuli cause 2 vatiety of cellular responses
to occur inside the cell. Examples of such stimuli include environmental and
chemical stress signals {e.g. osmotic shock, heat shock, ultraviclet radiation,

bacterial endotoxin, H;03), cytokines (e.g. interleukin-] (IL-1) and tumor necrosis
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25 The Aurora kinases share a conserved C-terminal catalytic dommain, with
greater variation being observed at the N-terminus. Aurora A (Aurora-2) is
unique in the presence of two lysine residues in the nucleotide-binding domain of
the kinase (Warner et al. (2003) Molecular Cancer Therapeutics 2:589-95).

Maximum levels of the Aurora A polypeptide, and maximum Aurora A

30 activity, are observed at the G,/M transition leading into mitotic prophase, with
the polypeptide localizing to the mitotic spindle pole (Graham et al. (2002) J
Biol. Chem. 277:42419-22; Sakai ei al. (2002) J. Biol. Chem. 277:48714-23).
Aurora A appears to regulate chromoseme duplication with aberrant expression
being associated with aneuploidy and an aggressive ciim’cél phenotype,
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segregation (S -al. (2002) J. Nat Cancer. Inst. 94.2320-29). Aurora A
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Aurora B g%{foears to assoc%% with a su(rl\ﬁ\ﬁlr%q;éﬁg gﬁ%&ﬁ? t %%“@Wé‘m (see,

2007/04 17358 YWBHIT) 5 §Hcitf¥d1 7o Biol. Chem. 276:30002-10). According to this

model, Aurora A would appear to be a kinase responsibie for targeted histone

25  modification, in the context of assembled or assembling chromatin.

Other members of the Aurora kinase family are alsc associated with
mitosis and meiosis. Aurora B, like Aurora A, is involved in distinct protein
phosphorylation events that regulate the cell cycle. Unlike Aurora A, Aurora B is
localized to inmer-centromeric chromatin from prophase until the metaphase-

30  anaphase transition, relocalizes to the microtubules in the spindle midzone during
telophase, and subsequently is found in the midbody throughout cytokinesis (See
Andrews, P. D., Oncogene 2005, 24, 5005-5015, loc. cit). The function of
Aurora B is to ensure accurate chromosome segregation and appropriate
cytokinesis. Aurora B appears to associate with a survivin, a polypeptide that
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associates with inner centromere and undergoes agignificant degree
o{,vétg%%iﬁgsgu g-Mitosis. Survivin appears to be in¥ fred W%W%%%gm 8174
of apoptosis as well as cell cycle control. Interestingly, both Aurora B and
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neuroblastémérana-ollielb@04stilid-tumor cancers (Warner et al. (2003)
Molecular Cancey I herapgiitics 2:389 2R Johibitors of Aurora.A have

been described. For example i—|z;1rringto§r1%§l Lé%ga? ? Z%VC%ﬁ%xﬁrg%S e“&.“"‘m types of
10:262-67 RSB (BB SPienabreast - #iBrs cilid BT sRmReE bIBRs sones
cell-cyéle progibasitn Anthiadtieas Apﬁﬂ‘a@sé&éﬁ&ﬁWpE&ESrQEéHiﬁﬂQ@pes of
in in vivo X%@Qf@%«ﬂi‘@‘iﬁés APyrazol @Pér raA e inhibifor is also
described in U.S. Patent N%ngog%%;%% ebbington et al. 1aated: @ reeton of the
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et al. ((2004) Nat. Med. 10:262-67) have described VX-680, a smail-molecule

inhibitor that blocks cell-cycle progression and induces apoptosis in certain types

25 of turnors in in vivo xenograft models. A pyrazole Aurora A kinase imhibitor is
also described in U.S. Patent No. 6,653,301 (Bebbington et al., issued November
25, 2003).
Hauf ef al. ((2003) J. Cell. Biol. 161:281-294) identified the indolinone
(Hesperadin) as an inhibitor of Aurora B, which causes cells to enter anaphase
36 with monoorienied chromosomes, having both sister kinetochores attached to a
single spindle pole (a condition known as syntelic attachment).
Ditchfield et al. ((2003) J. Cell. Biol. 161:267-280) described ZM447439
((4-(4—(N-benzoyiamino)anilino)~6—methoxy—7-(3-(1-morpholino)propoxy)quina—
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cytokinesis. Accordingly, kinase inhibitors, particularly inhibitors of Aurora
kinases, arel.og p%{ticulari terest in_treating certain disorders, including

cancer. 5 Compeintf%s iejisate} TrkhH RteHEret wikGuRmassme alignment,
SUMMAR Ye@#zahaE: dbhiVziidfiodik The present disclosure provides

compounds or pharmageutically acceptable derivatives or prodrugs _
thereof, compositions, an ’metﬁsgdﬁgftﬁ%aﬁﬁﬁjﬂfké]é’s@%@%85iﬁfgarb)}ﬂnaﬁ‘ﬁs,

kinases. SHEh HisBHEEYR clntrepriimaryreaBonatani attonetastatituding  cancer.
cancess smmsmlmgmammﬁm%m@rﬁgé n.golorectal,

breast, lung, kidney, pancreatic, renal, CNS, stomach, ovarian, prostate,
cervical, and neuroblastoma. In a first aspect, there is provided a

compositiot¥EreeTeY Mo FHIR EFYIRWINGY RRZ HN N NH Rx N 1 ~i 15
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prodrug thgeregﬁ%ereinl: RX an R%%l%g%lﬁ cﬁl_énr?e Sty SIS EYAE Hopsamable
group cons&mgvg? ° ﬁ%@sa{hﬁf‘?@ﬁmoé}%%e@ét@@ﬁﬁeﬁa the groiyg diseases
consitingretdigRbbyCiREsand Suskhiseis:s aidleREiTER 65N Re A8 S etstatic
or trans deuile-band o AMiile sthereof: R is -T-(Ring D); 25 Ring D is

a5-7 mer%b red monocyclic rin ’g%pg?%gnr%’ilr%‘%{g%%’tﬁ%% iéo}ﬂﬁﬁc?glé’ﬁéﬂ lung,
from the g coN SISk of BAf hetdfoarimhtierovytip, andstate, cervical, and

carbocyclyisabdkhiteteroaryl or heterocychyl ring having 1-4 ring
heteroatomsmsaelfer% ed from the group consisting of nitrogen, oxygen, and

sulfur, wherein eécﬁasgﬁ%‘sr{}lﬁfalﬁI%?Yh‘&%ﬁl“ﬁ%’?ﬁ@ﬁﬁ@i%ﬂiﬁ@@ﬁéﬁ@é‘nﬂyﬂg:
substituted by oxo, -T-R5, or 5 WO 2007/%%.13582 PCTIUS2006/035174

Formmia |

or a pharmaceutically acceptable derivative or prodrug thereof, wherein:

R* and RY are independently selected from the group consisting of ~T-R*

20 and -L-Z-R%;

Q' is selecied from the group consisting of -CRY=CR®'~ ang ~—== ,
wherein said ~CR=CRY- may be
thereaf;

R'is -T-(Ring D},

Ring D is a 5-7 membered monocyclic ring or 8-10 merbered bicyclic

& cis or frans double bond or a mixhire

[
i

ring selected from the group consisting of aryl, heteroaryl, heterocyclyl, and
carbocyclyl, said heteroaryl or heterocyelyl ting having 1-4 ring heteroatoms
selected from the group consisting of nitrogen, oxygen, and sulfur, wherein each

substitutable ring carbon of Ring D is independently substimuted by oxe, -T-R, or

Cn



substituted b T-is a valence bond or -(C(RN)-A is-a valence bon% -
SYQ2887E413 My lidene chain wherein a methylene unit 5 of said Cf 3 210é/0381
alkylidene cham is optionally replaced by -0-, -5-, -N(R)-, -CO-, - CONI3-,

“NHCO-, ~Sp2 2% SeheNHch-MiS@ibie GRE nifGCs DN
-NHCO2-; Z is a E1.4 alleylidene chain; L is s}gle %d from the grousn%pcndenﬂy

consisting BPHPEELYSE: 502 -N(R6)S02 10 -, -SO2N(RS)-, -N(R)-,

-CO-, -CO2-, -N(1R&)E@ign&d(%ﬁﬁl@@][aﬁﬁm&&S)CON(R6)

N(R6))SO2N(R6), p-I WNR - -
C(R6)20-, -C(Rs%%- -CQ(R%%S{)\% %{" Qg%l]%y 8%%%%%\1?)5) ethylene unit
_c(6)IN(Rbfd ERPRINBICHBIR Wzﬂm@}@e@c}@y -O-, $-, N®?-, -CO-, -
-C(R6)=NN{&R&)E, -@(ERﬁ) NSO - SORGRNIRHOY REF0, -, -0C(0)-, -OC(ONH-, or
-C(R6)2N(R)SQIN(RS)-, and - _C(R6) 2N(R6)CON(R6)-; 15 R2 and RT are
independently sefécted from the group consisting of -R and -T-W-R6, or

R2 and R2' take#-#5gdthetlnitidapretbinervening atoms form a fused, 5-8
hmembered unslc'sm&aa@ét@& ﬁ%fﬁl@lh/ghmuﬁ%&ggﬂ@a\émg 903,188, -13(1{5)302
eterpatoms s roup consisting of nitrg oxygen, an
sulfur%lwhérelr(:S §({ﬁ|ﬂ bsﬂ%ﬂ%ﬁlé (i carbor 6t sard’ ?U% nng%@rﬁgéo)@ B
by R2 and RIS OV RIepSHROROY h—m&b‘mm&m@zﬂm ROBNERS)-, -
R7, or -V-Repanel eaghsubstitiiable ﬁiﬁf@@e’t‘?&ﬁ%@»ﬁﬁﬁé)@rfﬁ?ﬂﬁﬁ’iﬁ(fi“)~ -

R2 and R ntIy su stitute R4 R3 3 selectg from tpe
group con&é%ﬁﬂ%zg ﬁg? alg ™ 2@ cOEER -CR)=N-O-, -

“COCH2COR :NGENER)- ,mjw mﬁsanmmthomﬁ)—
CON(R)2, -SO2 lmzazaz%(n@ &ﬁé%m&m@%%l c%rakmtb@ ‘R and

N(R)N(R4) N(R)2 7)CON(R7)2
N(R7)2, - Rﬁﬁf& )PSN %2588 ROk @Héﬁfﬁ"ié)”iﬁﬂﬁ‘fa%}ﬁc?é?m form 2 fused,

hydrogen ér8ameptiersllysuiistitiate chgroupialielestetufsesd thegombithg 0-3 ring

consisting @t&sa@oﬂiéog?é&%ﬁ@o&%yér&#‘é&%@sﬁw' OPgie0avy et 2 1hd sulfur,
ring atoms, and a heterocgc %t; Ing havmg 5- 10 rn atoms eac

mdepende‘ﬁh?f@@l%"éi}é EﬂYmeGFWd by Rz and R? is
-COZ@@ptlanédsbesdmmméﬂtIﬁisﬁiahphﬁlm) mﬁpmnﬁo@,nws@zﬁ'w, and each
each RS igjpdanend eddr t|n R, halo, -

OR, -C(=0) R&qcoz Refm o‘ﬁcgc%h-%%%ﬁé% K ?6%@3’1;%3 %Rl,s independenty
N(R4)2, _$ubstituted by -R*;

V Z R6, and each fubstitutable ring nitrogen of Ring D is-independently

R® is selected from the group consisting of -R, -halo, -OR, -C(=0O)R, -
COzR, -COCOR, -COCH,COR, -NO,, -CN, -S(O)R, -S(O); R, -SR, -N(&%),, -
25  CONR",, -SO:NR™;, -OC(=O)R, -N(RCOR, -NR)CO,{C,.¢ aliphatic), -
NERHNR®),, -C=NN(R*),, -C=N-OR, -N(R)CON(R),, -NR"} 0, NR),, -
NRYSO4R, and -OC(=0)N(R)z;
cach R is independently hydrogen or an optionally substituted group
selected from the group consisting of Ci aliphatic, Cs.jp aryl, a heteroaryl ring
30 having 5-10 ring atoms, and a heterocycly! ring having 5-10 ring atoms;
each R* is independently selected from the group consisting of -R’, -COR’,
-COy(optionally substituted Cy.6 aliphatic), -CON(R"),, and -SO,R” ;
each R’ is independently selected from the group consisting of -R, halo, -
OR, -C(=0)R, -CO:R, -COCOR, -NOqa, -CN, -S(O)R, -SO; R, -SR, -N(R*), -
)



6 WO 2007/041358 PCT/US2006/038174 CON(R"}2, -SO2N(R4)2,

-OG DB AYEA)COR, -N(R)CO2 (optionally substituted C3 aliphatic),
-N(R4)N(R4)2 -C=NN(R")2, C=N-OR, - N(R)CON(R.4)2i PCT/US2006/038174
N(R4)S02N(R4)2, -N(R4)S02R, and -OC(=0)N(R4)2; V is selected from
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-C(R6)2S02; 53;&66) é;é('\' (%9%3 %56397 -(g(kﬁ)zsozN(R 1, “CRO,NRS)-

C(R6)OC(O)- -C(éR
-C(R6)2N(R6)E DORB)EN-EERE=NN(R-, CRH=N-0-, -

-C(Res)zN(Rﬁmmﬂwwmm@wﬁ@25 and -C(R%), ON(R®)-,
C(R6)2N(R6)COWR6)§ nfldCON(R6) each R6 is mdepeng{rﬁ
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and bioiogically acceptable salts thersof.

In a third aspect, there is provided the use of a composition selected from the group of
compounds as disciosed above in the manufacture of a medicament for the freatment of

autoimmune disease, inflammatory disease, neurological or neurodegenerative disease, cancer,

cardiovascular discase, allergy, asthma, or a hormone-related disease.

In a fourth aspect, there is provided the use of a composition selected from the group of
compeunds as disclosed above, in the manufacture of a medicament for the treatment of a disease
associated with undesirable neovascularization.

In a fifth aspect, there is provided the use of a composition selected from the group of

compounds as disclosed above, in the manufacture of & medicament for the treatment of 2 GSK-3

mediated disease.

DETAILED DESCRIPTION

As used herein, the following definitions shall apply unless otherwise
dicated. The phrase "optionally substituted™ is used interchangeabiy with the

phrase “substituted or unsubstituted” or with the term "(un)substituted.” Unless
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The term “alkylamino” refers to an amino group wherein one of the

20 hydrogen atoms is replaced by an alkyl group.
The term “dialkylamino” refers to an amino group wherein the hydrogen

atoms are replaced by alkyl groups, wherein the alkyl group may be the same or
different.

The terms "“haloalkyl", "haloalkenyl" and "haloalkoxy" means alkyl,
25  alkenyl or alkoxy, as the case may be, substituted with one or more halogen
atoms.
The term "halogen" means F, C, Br, or L.
The term "heteroatom” means nitrogen, oxygen, or sulfur and includes any
oxidized form of mitrogen and sulfur, and the quaternized form of anSI basic
30  nitrogen. Also the term "nitrogen" includes a substitutable nitrogen of a
heterocyclic ring. As an example, in a saturated or partially unsaturated ring
having 0-3 heteroatoms selected from oxygen, sulfur or nitrogen, the nitrogen may
be N (as in 3,4-dihydro-2H-pyrrolyl), NH (as in pyrrolidinyl) or NR* {(as in N-
substituted pyrrolidinyl).
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nitrogen of a heteroc &@/CHC ring. As an examp e in a saturated or part |a

unsaturat@8H AR iom s Sl e alRITRiR xREhat MRS gtionally
nitrogen, mmgemmbeaNICaﬁlm wmaydmeengm@y{gm hhéagin "aryl

pyrrolidinyd),or MR kagin NeighlsHitedayareliding), S WO 2007/04135
PCT/US200 /03 8174 The f[:erms "carb%cyc ! "carzbﬂfl)cycrllyig carb (S)c;nceh'mh o

or "chtbodemats g dy frsreifPnias e %ﬁllﬁﬁ%@’iﬁ@@%t’é’ﬁﬂ%ﬂﬂ@ﬁhﬁhﬂ 2-
three to fauribtplmenbersy] Te2 erracitarbackeiRdeCRbOEYREcope of the term

"carbocyclgy @r »carbeeyelic; whet |§7%'§Euura£??é%’r’ %’;%g'?hx unSAWateds one or

also refers to rings that are optlon stitu erm
"carbocyclEeTe cAFGEPRIFC "ERASoCHRIB", Br "Ehr@ﬁcy@ﬁén&'hls@hﬁ@l{aﬂ@dmﬂ or

aliphatic riegshifdairapafiysedHioOne e/dmarerafSmaiCaahdMRA0NaNGhe aromatic
rlng§0'such s in a decahydronaphthyl or tetrahydronaphthyl, where the

radical or pdint of attachment is on the aliphatic ring.
The term "heterocycle”, "heterocyclyl”, or "heterocyclic” as used herein

includes non-aromatic ring systems having four to fourteen members, preferably
five to ten, in which one or more ring carbons, preferably one to four, are each
replaced by a heteroatom. Examples of heterocyclic rings include 3-1H-
25  benzimidazol-2-one,  (1-substituted)-2-oxo-benzimidazol-3-yl, 2-tetrahydro-
furanyl, 3-tetrahydrofuranyl, 2-tetrahydropyranyl, 3-tetrahydropyranyl, 4-tetra-
hydropyranyl, [1,3]-dioxalanyl, [1,3]-dithiolanyl, [1,3]-dioxanyl, 2-tetra-hydro-
thiophenyl, 3-tetrahydrothiophenyl, 2-morpholinyl, 3-morpholinyl, 4-morpholinyl,
2-thiomorpholinyl, 3-thiomorpholinyl, A4-thiomorpholinyl, 1-pyrrolidinyl, 2-
30 pymolidinyl, 3-pymolidinyl, 1-piperazinyl, 2-piperazinyl, 1-piperidinyl, 2-
piperidinyl, 3-piperidinyl, 4-piperidinyl, 4-thiazolidinyl, diazolonyl, N-substituted
diazolonyl, 1-phthalimidinyl, benzoxanyl, benzopyrralidinyl, benzopiperidinyl,
benzoxolanyl, benzothiolanyl, and benzothianyl. Also included within the scope
of the term "heterocyclyl” or "heterocyclic”, as it is used herein, is a group in
9



The term "aryl" -alone or as part of a larger moietyas in "aralkyl”, 10
"aral " or oxyalkyl", refers to aromatic ring gré@@®s having six.to
f‘gﬁﬁéﬁ%r%}egrgn ers, such as phenyl, benzyl, phenethyl, 1-napht$1 ’fUS2006/038174
2-naphthyl, 1- anthracyl and 2-anthracyl. The term "aryl" also refers to

rings that atechptionadtynatibstittachnT-benteiking aiy | §TaRed® uBEd more aromatic
interchangeably with the term eyl fing""Analso includes fuced, e
polycyclic aromatic ring syﬁéms in which ah cgméfémaﬁc nﬁ’g’ ig use%n'?omy » o

one or moraTFigscERRkpe Svkrstu e Tedisphthy bantneithgimeniaignmdle non-
andd2-antlafaﬁxtiﬁl§@mﬁgﬁﬁmi§ Hﬂx%.SQQQ_Q&Hk;ﬁe{&g@c'f@W%eMy@yl", or
used herejn, is a groyp ich an aromatic ring is fused to_one gr more
non-a%oma IR ‘3%}%@%13%6%5%%5%%, ﬁ?@ﬁiﬁﬁ#ﬂﬁ?ﬁ%ﬂ gpo refers to Tings that
tetrahydromaphtiepklylsebsititedradical or point of attachment is on the

aromatic 20 ringprEhe {5 rethBlerPOYRIE IBRICEPGYChY OF ;hﬁﬁgépqxslge; as in
as used herein includes non-aromatic ring systems having four fo )
fourteen mBHBEFE e ARl » /5 TR e R PRI g groups having
carbons, pgreferatibytne todobersa®xemplesreplacemhyl angichaidm? -furanyl, 3-

Exam@'esfeia!aﬁew%ﬂr'&@ﬂﬁﬁ%@ééﬁn?émﬁzimi&%%;&zpesmmom, 3.

(1-substituted)-i-oxo-'_oenmmidazpl-3-yl, 2-tetrahydro- furanyl,”
3-tetrahydi¥5TizH, ﬁ}f@ﬁ%ﬂ%’réﬂﬁéﬁ%}%—%ﬁéﬁ}%ﬁhéﬂ%@%ﬁb- 2-oxazolyl,
gydmpyhramadxz[ﬂq%;ldxal&&nw,[%%ﬁtﬂayglaﬁy;by{?oghdlew@yli 1-pyrazolyl, 2-
-tetra-hydro- thiqphe -tetrabydrothiophenyl, 2-morpholinyl.. e
3-morpho?¥3?/"lj ?4%or%%ﬁ§yff _%?ﬁﬁgﬁgogpﬁ%%}ﬂ 4313%((? 1 (?kﬁ Hoilﬁcﬁl’ A-pyrimidyl,
4-thiomoer?11=®ﬁ [ Ayl %ﬁrﬂwdﬁwﬂz@bﬁrmw% Szeztrazoiyz, 2-
1-pipeyaziaidzalybipesaziplyll -pipexiehnyl, 23-pirasitinydad=-pia(idinghzimidazolyl,
4-piperiding Aqiagelinyi.diggolonyl, N-SUbsitlied JBZ0IO0Y petiaany
[-phthalimi ﬁ\zﬁ ef’lrz’oxanyf?’ e 2opyrr%’|q$nﬁ, eynioplperlglzr?ﬁ,’ enzotnazolyl,
benzoxoldispEspzOThibrarptderel Helsatiiaknnl. Andezinirluideid dnivhipciidinyl, and
scope of thdeEaxahaieroayshicifiedetanacyslicopdeitis usathateinn® as it is
group in W0 2007/Q4L38 PETII20001038 LA WHCh B e o
non-aromatic he_trero’a]tom-géor?talnlng Fihg 1S TUSEE B oHESP HBFE Stthad

or n@8-arcHEeatiieiaysoRenas mnan Whgolithy reficohmampting hé attactimighinid on the
or tetrahyclieiapliny auders ihgiEadicalarboint abatiachye SRR quino-
non- arorréatlg geégoaéciﬁ-éoiﬁamm rlngrl._gThe te,r'mt etergci/cle 2 i
"heterocy ]&on' R AR T e R E R GTopR i &ffip refers to rings that
unsaturatet; alsoraigrsubstifrigd. tiht @re OptienallyiSubstiteded interchangeably

with the term "heteroaryl ring" or the term "heteroaromatic”.
25 An aryl (including aralkyl, avalkoxy, aryloxyalkyl and the like) or
heteroaryl (including heteroaralkyl and heteroarylalkoxy and the like) group may

contain one Or more substituents. Examples of suitable substituents on any
unsaturated carbon atom of an aryl, heteroaryl, aralkyl, or heteroaralkyl group
include a halogen, -R’, -OR’, -SR®, 1,2-methylene-dioxy, 1,2-ethylenedioxy,
30  protected OH (such as acyloxy), phenyl (Ph), substituted Ph, -O(Ph), substituted -
O(Ph), -CHz(Ph), substituted -CHa(Ph), -CH2CH,(Ph), substituted -CH,CHy(Ph), -
NO;, -CN, -NR% , -NRIC(OR’, NRCONE®Y , -NRCOR® -
NR'NR’C(O)R’, -NRNR’C(ONR®) 5 -NR'NR'CRY, -C(O)C(O)R,
-C(O)CH:C(O)R’, -COR, -C(O)R", -C(ON(R®) 2, -OC(O)NR®) 2, -S(O)R’, -
10



The term "heteroaryl", used alone or as part of a larger r{ﬁmety asin
"heteroaralkyl" eteroarylalkoxy refers to heterod@#mnatic rin ou(Ps
MRty 76518 fourteen members. Examples of heteroaryl rlngg‘ﬁgéﬁﬁ‘}g 6/038174
2-furanyl, 3 10 furanyl, 3- furazanyl N- |m|dazonI 2- |m|dazolyl

4-imidaz «Bps Lc

2- oxadlao&# ﬁ%@g ﬁ@;ﬁ IyI -0X %\%%Yd 2’4 oxaz& ?%mqp erI%N(R)
2-pyrrolylz3= WW@(@B&Z@M Zcﬁy}ﬁ%@imi:ﬁ&ya RB- Wlmﬂ?ﬁ cach R’ is
3- pﬁ/rldy: ﬁwﬁﬁ&h@fl@)ﬂéﬁéﬁﬁnﬂrﬂw&%@%la?@ﬁéﬂ'ﬂiﬁ}i' df Mmaamh aliphatic
2-thiazolyl, 4-thiazol 5t|a 5-tetrazolyl, 2 15 triazolyl, 5-tri

2-thieny!, ENReADI @/“ Salglofé tgﬁozﬁ%lé’a@?l enzo ﬁh S S Mibstinuted
benzdfuratiyl; Q@@Lyﬁtuhﬂﬁmtdm@(ﬂénﬂifadfb}ybltﬂelhmﬁﬁz&%@h)s y is 0-6; and

benzooxagqly), 1g&RZ AR ZaM IR BRI SRAGZAY LB MBI Qup or the phenyl

acrldlnyl and bengzoisoxazolyl. Also included within the scope of t eA

heteroarﬂ“ga%flﬁs iRrdade iRy, YRR AR S P ARVBTETIE i g2 losem
is fused talkyie onidemOcaromyific difiytrmormeticoniygs wigtetingcarbonyloxy,

radical or poianof aachmentis onihe, h%%f&af%%'c HRYokX eSS carbonyl,
include tetrahydroquinolinyl, tétrahydroisoquino- [inyl, and pyrldo
[3, 4-é?pyrﬁ%]ﬁﬂ ewyhﬁmv%ﬂ 3Rk o rings that are

optionally su bStiHﬁeﬂipﬂ'dlﬁ o' heiemam;drhmyhbemeﬁdistrmg:hamgwblyryl or

with the (S DSIPRANAD % BRI IS BRI IHAMANG - BRABAYr suitable
(including aralky oxy, arylo | and the like) or heteroar
(mcludmgﬁ%‘iﬁ?&?é’%lk?laﬁﬁdﬁﬁ%? é%\éﬂ(&iﬁ%ﬁhﬁﬁé“fl@?"@ﬂ%ﬁ% T-Aromatic

contain ongtaictyere supstituéntel dyam pleseirguibablechubstitvreriisahabove for
any s %%Qt&%@@ Qa%%mo%@%% }Q 5% ﬁf:ael@ilﬂ%r following: =0, =8,

heteroaral yI roup Include a halogén 2 methylene d|ox
AR TGS el Gl LR S Rl P U
SUbStitUtedrPhNi@(Phr}xeS&lbﬁ&Utm 1@(%&pcﬁiﬂ8ﬂ?h}ﬁﬁhﬁﬂtltﬁt@ﬂ hydmgen, an

-CH2(Ph) sybstituted -CHZ2G os

NRC(O)R™ 2%'(8 BUONRCE2K, aI\T&:\_l%{ ahgi%%N%N?O)Na(lR) fes of
2, NRNRemm@fefe(@malme)@qmmﬂde COYR, a8pdpRine, dialkylamino,
'C(@N(Rhﬁlﬂﬂ%(@%gﬁﬁ(o)%‘l W@nﬁﬁ@iﬁ%ﬂzﬁ58ﬁalkylammocarbonyl

PCT/USZO {038174 SON(R) N NRSO2R, - it
SN TR RS, A T RoR kot B8, Eyano, carbony
-(CH2)yN Mew}@wwwapaﬁm% ey draey Batowkexgepehidenlivdelected

from hydrogen, a\stBalituiRERIkNSY BRlitkedalphatiengdseERL8 heterocyclic ting

unsubstltulg%g hete&pa% &n)heteé%)\ﬁ:hc HBngheg%g)(&l&Rsub% (16 Eg{:gc OR",

25 SOR”, -SONR, -C=S)NR )z, -C(=NH)-N(R"),, and -NR'SO;R"; wherein
each R is independently selected from hydrogen, an aliphatic group, a substituted
aliphatic group, phenyl (Ph), substituted Ph, -O(Ph), substituted -O(Ph), -CHa(Ph),
substituted -CHy(Ph), or an unsubstituted heteroaryl or heterocyclic ring.

Examples of substituents on the aliphatic group or the phenyl ring include amino,

30  alkylamino, dialkylamino, aminocarbonyl, halogen, alkyl, alkylaminocarbonyl,
dialkylaminocarbonyl, alkylaminocarbonyloxy, dialkylaminocarbonyloxy, alkoxy,
nitro, cyano, carboxy, alkoxycarbonyl, alkylcarbonyl, hydroxy, haloalkoxy, and
haloalkyil

1



5 Ph, -O(Ph), substituted -O(Ph), -CH2 (Ph), or substituted -CH2(Ph); y is
0-6; and V is a fggeer group. Examples of substituent the aliphatic

g%éjf)%?"?ﬁ?fﬁﬁenyl ring of R include amino, alkylamino, dialkyfZnh{Hg?0e6/038174
aminocarbonyl, halogen, alkyl, alkylaminocarbonyl, dialkylaminocarbonyl,

alkylaminocarborextm diglket 2o sar ot Al s Aty
carboxy, aIkOXﬁcarbogngl 10 alkylcarbonyl, h dr_oxg haIo%l_koxy,ngér%lyglEﬁa‘t Comects

haloalkyl. AR aRBRaAE §iStR B dorarot SO §iottatfagespch as

aryl or heterpgay|mirsglfoqy coittaichore NEM et sybstitye MS(BXEM LS Shain of

sutiable SuRRItIERI> AN2RKARAMARGC SN ALARAHBNR LS SEUE & 8oy in

non-aromatic heterocyclic ring or a fused aryl or heteroar ring mcﬁudtgp

those RstedbaBeRRe ﬁr%ﬁ“@h’é (m&BRureeer bl Bo e fangeardldrinfeniiry length of

group and ipedelowyisig st Bxampldd BRInEMNBHR FMuzNNHGIO Rated C .

=NNHCO02(alk il é3:eNl}\llHS,‘%JZCE':}ISK‘}/IL,OD% =ls\lu§*i.¥uvh re (%ac R* is q

independenﬁﬂ}Y Selected rom hydrogah, . unsubStiited sphanE Groifysatarate

or a substitgteeralHatcipur DiamPlerphedoltitidits, cR S EipheBONH-, -

0roup INClIsnamime, AA00M ARG ATIDREA RO )N, -NHNH,
alogen, a ylaminacarbonyl _dialkylaminocarbonyl,

alkylafﬁ‘}nobar onyloxy, §élk§?&h? éﬁr%m%xﬁf%é?nitro, cyano,

carboxy, alkoxycCerbémm,"allikylidemb ot yGimaxy, dnadptitieily saidituted, straight or

haloalkyl. Sitahla subsHtRRSHR e RERGENOEARRNAENDRNS or more units of
heterocyclic rin mclu;}_%(-)Rt -N(R)2, -C(O)R+, -COZR+,_-C§§({%§O)R', L
_C(0)CH2 &7 e3 At 5 ke optional SHReHRISHIS. Ale &5 e TR d ARy, fox @) oliphatic

and -NR+3B®2R+; wherein each R+ is independently selected from

hydro_ﬂiﬁn, an a”pﬁ%%%%eq 3eURsHed 2liphalis.ore nﬁﬁgﬂ){! Q?lw’lf such a
substituted Ph, -O(Ph), substijtuted -O(Ph), -CH2(Ph), substituted

-CH2(Ph), SFAPEHR DSHite P nb Skt Fhrtirely cfesbly. cexamplest stable
of substituentpamthenlibhbaticliyrdugiblethepbemd ringoirc|idevairtinme Sthemical

alkylaminogQialiodlamine <A aaMa RALSRL AV e dark at temperature of
alkylaminocarbonyl, dialkylaminoCarbonyl, alkylar‘%lnocarboergflloxy,
y

dialkylamifBca ool EIRBERoe R oMy RR o Cafiss K ommealty caaesieaonditions,
alkylcarbofiyl ahlgdsoxwebialoalkoxy, and haloalkyl. 11 WO 2007/041358

PCTIUS2006/031 40, A kg Ul I PEANS AT TS, o

moiety that connects two parts of a compoun INKEers are typica
comprised®Bi%d atd defipingssbriertorititen mbsippiistonprmselves (e.g.,
-CH2-, -C(&bs1itGifd )pHechyioaiah aihdstitited phenyl as a substituent which is itself
substilnted with a substituted phenyl, ete.) are not intended for inclusion herein.
25  In such cases, the maximum mumber of such substituents is three. For example
phenyl substituted with a substituted phenyl is limited to -substituted phenyl-

(substituted phenyl)-(substituted phenyl).
Unless otherwise stated, structures depicted herein are also meant to
include all stereochemical forms of the structure; i.e., the R and S configurations
3¢ for each asymmetric center. Therefore, single stereochemical isomers as well as
enantiomeric and diastereomeric mixtures of the present compounds are within
the scope of the invention. Unless otherwise stated, structures depicted herein are
also meant to include compounds which differ only in the presence of one or more
1sotopically enriched atoms. For example, compounds having the present
12



atoms, such as ga alkylidene chain. The molecular m of a linker is
typically.in Snge of about 14 to 200, preferably ra t
V\ﬁ?ﬂ%a‘%?hsgsh of up to about six atoms. Examples of linkers mciﬁ%% 3 038174
saturated or unsaturated C1.6 alkylidene chain which is optionally
substitutegirughdensrseaini@rbeorphvocsrnirofedydapuntyss deutaiinaareitium, or
optionally feRlacRE Y GO Ea(E) & (@) or G N e& QNURLI: wefalE the scope
-OC(0)-, -NHCOQ2-, -0-, -NHCONH-, -OC(O)NH-, -NHNH-, 10 -NHCO-,
-S-, -SO- BRGSO 2NH-, or -NHSO2-. The term "alkylidene chain”
refers to an optiGnaisidi stifufedyseraig il osaloraheteof] cazpobecliainptitad into
may e full SABIE R ANR.L0P AEIREEHPROLHRIBATER. HBragontica

optional substituents are as described a ove for an aliphatic group.
combinatietFBrStetith et Bripdiasibshe pempRsEiBio SR IFSuEn grount of the
combinatipr#@suiiadniahsiable Micahe rigatyifegsiiencemnpovidisiallieample
compound of chemigali-feasibla.compaundis;one in which, e, Shemicaliions
structure is not substantially altered when eptin the ark at a P
temperatufsTesL A0 b poEnsishehenasbpicbesnioskinese nbihiier effective to treat
_Ch emigal |)6_:f Q&QEMQAQME@{&&@@ J&wﬁdﬁ 3sha ‘Mﬁ@iﬁa&iﬁﬁéﬂl@%&@ﬂ%ﬁ@ Bhrrier,
in all substl&uted groups eflneqjggelni%%?éﬁer arrived at by defining

substituerIS Wi el St B4 0 (RETD g‘f%t??nstﬁ RATTEY
phenyl having asedtstitiasgsheh yhiasiaveufontitordatesviich imithett of treating or
substitute 9:%%&%&1&@%@&%@@&&&%@;) AEnB QhIHY fac H?Eéys%%‘a Aurora

herein. 25 In S#{Ch ses, the maximum number of such substituents is,

three. For SXSMpIE’ SRERY LMoty KiRPR SR SRS FReRy R Timidadeed of
~ to -sibstiteteitlaptreytn{ substnstetaiy e ticubstitated phengthidnismula 1 or
otherwise Sialed SiHEILERRICREAGKeIN are also meant to include all

stereochemical forms of the structure; i.e., the R and S configurations 30 =
for each asymm&iideEBntaPToFR Srdr6E e fhifenste A2 o AHENH ATTeints fegadition”,
well as emwmmmm@réﬁmwi@ m‘hﬁn dekeiefithe predidnt 'in which Aurora
compoungs Qe ityigiNe SGOPGHA! HHRIPUGRIAN WNRSS PGSy » Aurora A-

stated, structures depicted herein are also meant to include compounds
whicRCdiff&raRgd IR SRR B EAOHEsH i 3ReS RIGTORALIARS i ckrogfleviated by
atoms. Forexasapteicanpoosads inaiving. tilaqh eaelitioh2iAINES Yiider.

2007/041358 P%A&%OQ%Q%B JiZé‘Iudes, but is not limited to, solid tumors and blood

bome tumors and include, but is not limited to, the following cancers: breast,

avary, cervix, prostate, testis, genitourinary iract, esophagus, larynx, glioblastoma,

25  neurcblastoma, stomach, skin, keratoacanthoma, lung, epidermoid carcinoma,
large cell carcinoma, small cell carcinoma, lung adenocarcinoma, bone, colon,
adenoma, pancreas, adenocarcinoma, thyroid, follicular carcinoma,
undifferentiated carcinoma, papillary carcinoma, seminoma, melanoma, sarcoma,
bladder carcinoma, liver carcinoma and biliary passages, kidney carcinoma,

30  myeloid disorders, lymphoid disorders, Hodgkin's, hairy cells, buccal cavity and
pharynx (oral), lip, tongue, mouth, pharynx, small intestine, colon-rectum, large
intestine, rectum, brain and central nervous system, and leukemia. The term
“cancer” includes primary cancer, cancers secondary to treatment, and metastatic
c.ancers.
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tritium, or ther cement of a carbon by a 13C- or -enriched carbon

ave atindt3ssscope of this invention. Compounds of formula [PeF3E{&06/038174
thereof, may be formulated into 5 compositions. In a preferred
embodiment, the,g@EpRASIINR itvenfbRtBlReelficalrranin anitipostRRs that arc
embodiment, the composition comprises an amount of the protein kinase
inhibitor eIV B TR A otein kinase in a biological sample or in a
patient. Compoutdshef tsisdhvefittomantopralaraceuticatastnspbshibngoliowing
thereof, which comprige ara@rn&%&%m&amﬂsméﬂ@&ﬁ%ﬂ?ﬁﬂ@ﬁ%ﬂes&%@agﬂs,

to treat 10 or prevent a kinaSe mediated condition and a pharmaceutica
acceptablEyEric ok HtioRAt, R EIRT A oS BRA SR kefgieacanthons, lung,
administrajigRiacdpatieniofnothecaspl ceakihisunveniiln celatesdmana, lung
method of treating.or _pre entincqua kinase mediated disea&e. 1n.one 4
embodiment, ﬂ%tg %Oé‘é\?iéeglgng’Aurg?é_%?rr]f%ncﬁ?tgﬂm %%%s%ﬁ\?hiéh mrent’ogl'lyml ’
comprise AUl SEEFREMS Andifiarntialebetcsions: serlat C¥iFHOMa, seminoma,
therapeutiggibn@figCiireoain)obInddRE a-compel) nevef tarsdad @hdabiliary passages,
pharmaceutical composition therepf. The term 'Aurora A-mediated, . .
Cisedbon S Tey o RO A e n ol R TCh s i ol
disease ob¢ntrdreduiatend phaprdiver)iniunienepurovents Menght fonplhipigstine,
role. The (Qi@SreAuro RArnaiaied dseaseham AMOEBL GepeiiatgGien, and
condition” also mean those diseases or conditions that are alleviated by
treatment i-Aurora A inhibitor. Such conditions include cancer. The

term "cancer" indinelbsr Hprds afdedimiadicn iselicktheddrs Eediid caucdn gnmeprising
tumors an&hﬁﬂﬂﬁ%‘ﬁu@%@ &%Hfé‘ l&?%@c&ﬂ@é@ﬂ@é”&@&ﬁﬁé@ﬁé?éiﬂft%aasbatient with
ovary, cervix, prostate, testis, genitourinary tract, esophagus, larynx,
inobIastor‘f‘l’E,c 5 neuroblastoma, stomach, skin, keratoacanthoma, lung,
epidermoid carciseginaenizeg és ciirecterimuniy, bmatbtdittacimomdgtheligh cells o
adenocarginonmay ek GAIRR (AHEIAMRE PNSLERS ARG  SAIRRMGE mitosis of

thyroid, follicular carcinoma, _undifferentiated carcinoma, papillary )
carcinom " EeHHB 8 el b a; BIEEEPEH CiddEeT gggect of this
carcﬁib_mémutibﬂia&wp&ssgg@stek_i dneynbdicoma, as_}imiyﬁmidxdiﬁmfdeiﬁf;luding
lymphoid qﬁ%@&ﬂ%ﬂ?ﬂ Aﬁ'l gllllalﬁ.%& hﬁ'Haﬁl%llllﬁia%%g@sg%ﬁ%&%ﬁ%%rﬁ/g&sirable cell

(oral), lip, tongue, mouth, pharynx, small intestine, colon-rectum, large
intestine, FEEREh 2813 Peem Detdsfo bt dy sRtnkimiied fauRestisiverproabnormal
term "cancest i deSepdntatislcasibe (¢.ganikefosdeesgydoitreaitre ihd mmor

and meta%@&‘&mggpcgerxﬁgn tumors, for example, hemangiomas, acoustic neuroas,

structures except fgr the replacement of a hydrogen by a deuterium or

25  neurofibromas, trachomas, and pyogenic granulomas, vascular malfunctions,
abnormal wound healing, inflammatory and immune disorders, Bechet's disease,
gout or gouty arthritis, abnormal angiogenesis accompanying rheumatoid arthritis,
skin diseases, such as psoriasis, diabetic retinopathy and other ocular angiogenic
diseases such as retinopathy of prematurity (reirolental fibroplasic), macular

30 degeneration, comeal graft rejection, necvascular glancoma and Osler Weber
syndrome (Osler-Weber-Rendu disease).

Other undesired angiogenesis involves normal processes including
ovulation and implantation of a blastula. The compositions described above can
be used as a birth control agent by reducing or preventing uterine vascularization

14



13 WO 2007/041358 PCT/US2006/038174 An aspectaf the invention

relates to com ids and compositions that are use‘ér-treatin

AR RitSther aspect of the invention relates to the treatment o

following cancers: breast, ovary, cervix, prostate, testis, genitourinary

tract, esophagiea. {5l afryodHigiliasidona, Rexceliiasionie, stamagteskifsscribed

keratoacanthoma, lung, epidermoid arcinon&a, Ia{%e cell c&rc oma, sn}aqJl ”
%, gtua oI t0 bloc

cell carcirtifig, TAhGe ZFhBcRNGH SHA S8 FEC BIBIZHERS ncreas,
adenocarairosastibry(bidicéalicodarheagrcinoma, undifferentiated

carcinoma, pPapiiary, CArGIBNR4 G RAMDE- IE/ARRIN 3 SHERMEn RRHABEaton

carcinoma, liver carcinoma and biliary passages, 10 kidne ~carcin,oma}i

myelofd dREBrBR e AanBTtitaL0 8 A B UG M LOhalr ) Edtiseass dpgude, but are
cavity andnﬂhﬁfyiﬁéﬂ(lﬁf,a&t_ﬁﬁh magase;imal.iﬂbasphafgbaﬁpm'aibjxaMtimi,nopathy of
colon-rectyn, large, intesting. gg%%%ﬁgaﬁ@w AUSERFA! BRI, SYSIE Petrolental

and leukémia. Another aspect of the invention is a method for treating
cancer cofipARiHAS1 SPAnHIRISEETIAEPBHBCHI o rd itk L RPYEYs contact lens
described Rereiio AcpRtiRatidi) sopsier HANGOPRNaHS fechpractenzeghs sicca,

by the proliferation of endothelial cells to form ne 00d vessels (afte .
T G e R TN

Se2006i{]38174

called neo n of mit cells results

in inhibitiofrfséengiotiridedigcrroioTe rohspical drums becisvehlsron dhegsieulcers,
relates to ighibition:pf sndasicable, Miesis inckeiNgfadRaesiBilRzoan infections,
angiogenesis. A, mammali diseaselghar?cteriz,ed b%;pav%%ifg,?gggg“ mareinal
mitosis, as GBIMEd Rerein, | 8Plfg%§,lbu?is Ot Timited. ) exCelalve or” g
abnormal lstintrivatiotrotentstivedialcetkritis gy demdedueterpalsyrisatis Wegener's

tuMOrg ang, HRk:i NERSIRS Ke RO IBMNAES IO HeXPIMRIR, radial keratotomy, and
hemangiomas, acoustic.neuromas, 25 neurofibromas, trachomas, and

pyogenic GraRtoHHRS, &M ar malfunctions, abnormal wound healing,
inflammatory and®ihemudiscdiserdessycBichetsidhiscuskssigblgt ordjosssy including

arthritis, ahnormalANQIRGE BESISA G AR Y MRAIQIL REDIRNSED  Such
diseases, such as psoriasis, diabetic retinopathy and _og} er ogflar

angiogenidHEasBE¥ten B8 retifiopathy B pleritat it FretiBle Aigmia  sarcoid,
fibroplasicpsendoxdaih30ad elgeiveratidagebmbalagraftaie) astibsione ovasc uleglusion,

glaucoma %&9%@%@%&5%%%&@@@57%9@rL%Qg l&i@&ﬁ?@%?&temic lupus

Other undesired angiogenesis_involves normal processes including o
erythematosis, Fales’ disease, Bechet’s disease, infections causiig a retimitis or
choroiditis, presumed ocular histoplasmosis, Besi’s diseass, myopia, optic pits,
Stargart’s disease, pars planitis, chronic retinal detachment, hyperviscosity

25  syndromes, toxoplasmosis, and post-iaser complications. Other diseases include,
but are not limited to, diseases associated with rubeosis (neovascularization of the
iris and the angle) and diseases caused by the abnormal proliferation of
fibrovascular or fibrous tissue including all forms of proliferative
vitreoretinopathy, whether or not associated with diabetes.

30 Another aspect of the invention relates to the treatment of inflammatory
diseases including, but no limited to, excessive or abnormal stimulation of
endothelial cells {e.g., atherosclerosis), solid tumors and tumor metastasis, benign
tumors, for example, hemangiomas, acoustic neuromas, nenrofibromas,
trachomas, and pyogenic granulomas, vascnlar malfunctions, abnormal wound
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ovulation and implantation of a blastula. The compositions-described
above can be &as a birth control agent by reduci‘é\[ preventin

W& Mdctarization 14 WO 2007/041358 PCTIUS2006/03&{74U52006/038174
required for embryo implantation. Accordingly, the compositions described

above Ca%&ﬁﬁg’;ﬁﬂﬂ&ﬁﬁ@&i@%ﬁ@%ﬁ%%ﬁ@%ﬁ?ﬂ%ﬁf@d@%ﬁf' %dﬁ't & gouty

block menstrudtion (induce’amenorrhea). Diseases associated with =~
undesirabtE HSSISIPRILARY HSBIS ENTpARERe SeuReud AL, skin diseases,
accordingsi@iihe peesesn) diventioptityeihdisenseedacilgenpitgant dotases such
imited to. Qeulal AeaNAReURLAlaERT e AIBRENG 'RINBRAILY JBLeP U Blation,
prematurlfay, Cornaal Jra?t _t%jectlon, neovascular gladcoma and retrolental
fibropfasiaerepsicariicietigecasreronalasesinind M MRy, Yaftere (Osler-
lens overwess:-alaRic kesatifis cRHRanREdirD it kRililss pietyeis HikeaidSesses
sicca, 10 Sjogren's syndrome,.acne rosacea, phylectenulosis, syphilis s
Mycobactg}‘fé% %3?%1?%%%? gnepgli]'}‘élh%t?g |3?1f1éﬁ%%ﬂ%a%ﬁﬁ%ﬁs?%lﬁﬁé?i%?mpﬂsmons
ulcers, funigattiieérbovdanpds siserplerblpfls ctivhuion enddsplastaliqnetiblssiuia or

protozoantMM&sﬁgggfﬁmmﬁg@[en's ulcer, Terrien's
marginal degeneration, mar%mal keratolysis, trauma,_r. eumg%fiodraaghritjs,
s,

systetfic lupus, PIAFGHRR\R b A FRTEE TAREs; (o Sk acuvity ina
Steven-Jobinkgrdissmge, phitiphicibid, canpabierantiomy kmblobaedahmple with
graph rejegfion, QHheniReasesB3aRaialed: Wil uadRaiRiR Mitosis

including neovascularization fcE:}{:m_be treated accordin%t%t&e ré%aent A A
invention. Such OSFEAPRERTIRISIRYERONTIARTER4 I-aRAPA Rajpiting Avrora
anemia, sactvit, 20 pyeticdoxarititbmeblaktomprifeagdtsndisemgetovdin patient a
occlugion, AHeR:AFGIUSIRR S bARSIHGIVEHIRSAS s Y ARfound.

uveitis/vitritis, Lyme's disease, systemic lupus erythematosis alﬁ

disease, Bechet Pcfaelie STRASEAOHLB ABGATLCR rEURRRIRT & dRsTamfe | are more
presumedattisinhisiop asimosis, BestigatkdaagermyBpia, optic pits,
Stargart's diseasg, RaLs pINIS, CHRNGJGIAZ! d818eN e M method of treating or

hyperviscosity 25 syndromes, toxoplasmosis, and post-laser _ . )
complicatiBiEeesite p (isiaddestipied disense ¥athat it RiRigEahich method
assoqiatedmiihisababsisi{eaoy aseaaiatipnest bisudisandthenangielapeutically

and diseasgs GRUSet i (e, A0nauRk NPHIBIRNOR of fERAREHIRL Chomposition

fibrous tissue Including all forms oOf proliferative vitreoretinopathy, whether
or not ass8¥ERd with diabetes. 30 Another aspect of the invention relates
to the treatment ghénfdamRMaBRY3-mediated disease, or "GSK-3-mediated condition”, as

used herein, mean any disease or other deleterious condition or state in which

25 GSK-3 is known to play a role. Such diseases or conditions include, without
limmitation, diabetes, Alzheimer's disease, Humntingfon's Disease, Parkinson's
Disease, AlDS-associated dementia, amyotrophic lateral sclerosis (AMIL),
multiple  sclerosis  (MS), schizophrenia, cardiomycete  hypertrophy,
reperfusion/ischemia, and baldness.

30 Omne aspect of this invention relates to a method of enhancing gliycogen
synthesis and/or lowering blood levels of glucose in a patient in need thereof,
which method comprises admimstering to the patient a therapeutically effective
amount of a compound of formula I or a pharmaceutical composition thereof, This
method is especially useful for diabetic patients. Another method relates to
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diseases includ' but no limited to, excessive or abngrmal stimulation of

atherosclerosis), solid tumors umor
% q % s ), wm PCT/US2006/038174
metas aS|s enign tumors, for example, hemangiomas, acousti

neuromas, neurofiboromas, trachomas, and pyogenic granulomas,

vascular ﬁﬁm%ﬁiﬁbgahmpa@n@ima}fvhmhmhﬁ@@@b?mm@sﬁ, which is useful in
PCT/ USZ%&@;%ZW%&E{@% %PA&R&%M@&Q'E%%%%@M relates

Bechet's dlsease gout or gouty " arthritis, abnormal angiogenesis
accompan throRPostbrTRatiom P rgéﬁsé%te%cﬁhé@’p@dﬁﬁ@% for treating
diabetic reid;lhizpp]ilmnﬁnd other ocular angiogenic diseases such as

retlnogathy of prglrp%tgrlt¥ r%trglﬁlntal flbao[?jllasllci)3 m ‘1& Q?ﬁgrf.tl
corneal graft rejection, ne leovascuUlar glaucoma an é ber sSyn rorﬁ1 n 2
(Osler- Wéldpgahigpiscdse) r@th@fi enmmcm@iw@heb@mbwple with
normal prmgg@lmlmigg&mﬂﬁtion and implantation of a blastula.
Accordingly, the ositions described.above can be u

ovulation and imprantation e([’} 3fdtgést‘u O B R ﬁl?%tfgﬂi)ﬂ%%% G8K-3
amenorrh@ajivitd mom@ﬁasmbmbfmmhmsmmla@Mimmﬂnghe patient a
Aurofig A %%B(:HB & higlegical §%8%£B€sx%ﬂ%@rﬂ§

contacting the biglogical sample wijth the Aurora A in |b|tor of formulal or

a composition thEPSBI ARBATE S st BTSN TEARS Y etatBeteh Shefrtipe or
of inhibitingréventrg A @Eﬁvﬁtymetﬂatp@tmswlwoﬂn m&IRBd2comiptise swhich method

administeriags (e, BAHERL e 6 £RMRRHALALIANLR | EASOIPARIRcany

comprising said compound In another aspect of this invention,
compound@ ST HFATI TP hiSFP BBtk AT iRFBHHArs B AbhePacAcEhAp g osition

to Autéra Biefenbther aspect of this invention relates to a method of

treating or prevenfinga Gk medinies SReaseWiEnR. Qséétw&%ﬁgﬁm» as

which method 20 comprises administering to a %gatlent in need of such

treatment SHHAFBuTCATPRXEIERRS SR RIBF: WHSEEORTFSBREST BTt PRK‘?' is
a pharmadmohoadoqﬂmymbomhéhmoﬁmmmﬁa&aﬁlﬁe&mamm 2-mediated

disease, of, G:3:medialed.congition: a%&%%ﬂ%&@gﬁ&% by treatment

disease or other deleterious condition or state in which 25 GSK-3
knowtPto prih & r‘a%l?éua%1§1§a§@§b09%6‘?ﬁaﬁ§qwsﬁ;d&tbﬂ%damtauom cancer,

limitation, diaheites)sAlzhabsaes,s dis&aaﬁ)stduntir@@&éSn@&&easeglomamlonephms
Parklnson%t %gg 36 AID iated dementia, a otr hic Iatera

sclerosis (AL mufiple Sc erOSISerMS) %soﬁ%%sﬁhreméosgarﬁ%?h Gigpecia, and

hypertroplﬁ’&“mmm“ne d1seases such as rheumatoid arthritis, such as are described for
example in Fischer, P. M. and Lane, D. P., Current Medicinal Chemistry, 7, 1213-
25 1245 (2000); Mani, 5., Wang, C., Wu, K., Francis, R. and Pestel}, R., Exp. Opin.
Invest. Drugs, 9, 1849 (2000); Fry, D. W, and Garrett, M. D., Current Opinion in
Oncologic, Endocrine & Metabolic Investigational Drugs, 2, 40-59 (20600).

Another aspect of the invention relates to inhibiting CDK-2 activity In a
biological sample or a patient, which method comprises administering to the

30  patient a compound of formula I, or a compesition comprising said compound.
Another aspect of this invention relates to a method of treating or
preveniing an ERK-2-mediated diseases with an ERK-2 inhibitor, which method

comprises administering to a patient in need of such a treatment a therapeutically
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reperfnsion/ischemja; and baldness. 30 One aspect of this-invention

relates to a metl*‘?)f enhancing glycogen synthesis or lowerin

biFEASIAEElucose in a patient in need thereof, which methbd U>2006/038174

comprises administering to the patient a therapeutically effective amount

" of a compeubetief tanowtaof arampandadeftimalcd b ghismattsticst. CoRosition
method is %86% ially useful for diabetic patients. Another method relates

to 16 WO 041358 PCTIUS2006/038174 " |nh|b|t|ng the production

of hyperphosphofatesT ikSratedintedriiasas | e tERKTHCHAR SPufdipmgs nsed

the progregsien Qfeﬁ@%?@i@ﬁ&@lﬁ@@ﬁﬁdé&a%@ﬁ oRthag ielatesh BRK. may play a

inhibiting the phosphor tenin, whi fud "

schlzothre‘i‘?}ﬁ £hR 4 %aﬁa&%gég g‘flr%\llsgﬁ Fonofe%%g %Iéﬁ;n %ﬁnté&aém& also

GSK-3 activityni maseb@m@gasaurmq@mmmﬁm@imt@éﬂwpﬁgﬁgl@efn‘{»a@mém-

the biologi%@hﬁﬁmpﬁeﬂi%xﬁ&;ﬁmﬂnﬁahm@mm% AraibeasReCliabetes,
of this invention relates to a method of jnhibitin f -3 ac vm%%y Alzheimer's
patient, wf#&ﬁ%@ﬁ%&c&ﬁ?ﬂﬁ%?‘é}atmﬁ%ﬁnégf pafient !

compound difdesnuiaticorfaresis pasiticiiseam prsingsaitt cnepoandtherosclerosis,
Anot aSpggﬁ%g;'fR'r%&Qyo c'f‘ﬁ% &S @s&ﬁgﬁth%ﬂﬁﬁ% URE:Q5, mﬂammauon,

preventing a ated disease with a CDK-2 inhibitor, which
method compaisgisal RimTTE g RoasaEsted Hsaset k-2 FRiindinese and
a therapeuticaffipriedtestivevaons oisefsasaRmpeurdt efitem i alanie in Bokemeyer

pharmacevlica| FRpResiey “gkc%h?igef& SL81TP.1 " R0 SaREIIRS) 651; Crows

disease" or Ondltlon as use ereln mean any

disease or ethbr Jfeterigrrs ShdBNHIPTIEIFCBKD R T kﬁ&krﬁ?ﬁ"ﬁ’ra%? Q 18848,
role. Ti3e terpise G ; ane,ohm@dgjuseagemm GRKe2 anethatedviol. Cell Biol, 16,
condition® ”i?a%%%?oc?%t r?fl%%s £on da‘f'oib%ﬁhﬁto@r%ﬂie}iiﬁdsw USA 90,

treatment 20 with a K2| bitor! Suc condltlons include, wit

limitation, cHI%&#, Oliter&inbr P8 fsee, FestSinpsRiohididgahlslé2: Moodie et al,
glomerulonepyitigieR¥tes0 e 0BID itEs atill Wil@Hp @SY NIUMA&EI Res. 57, 628; Sivaraman

atherOSderOS' ?;%ngsc}zbrﬂg lflt?égmlm}ge\gh c%s %Wéneurﬁl%%u Cell

arthritis, sulh®a Tor ekample’in |sc ane
P., Cui¥entNmadiimal Cheistry, 7, 1213 25 1245 (2000), Mani, S., Wang,
C., Wu, K, Fran%@m@r&gﬂp&’&siﬂhel&nﬁeﬁﬁo@@amememam@smxlﬁéam ina

(2000): Fry, By W nd Garret, M. 0, Cufeen, Oy

compnses administering to the
patient a compound of formula I, or a composition comprising said compound.
Another aspect of this invention relates to a method of treating or
25 preventing an AKT-mediated diseases with an AKT inhibitor, which method
comprises administering to a patient in need of such a treatment a therapeutically
effective amount of a compound of formula I or a pharmaceutical composition
thereof.
The terms "AKT-mediated disease” or "AKT-mediated condition”, as used
30  herein, mean any disease or other deleterious condition in which AKT is known to
play a role. The terms "AKT-mediated disease” or "AKT-mediated condition”
also mean those diseases or conditions that are alleviated by treatment with a AKT
inhibitor. AKT-mediated diseases or conditions include, but are not limited to,
proliferative disorders, cancer, and neurodegenerative disorders. The association
18



Oncologic, Endggrine & Metabolic Investigational Drugs, 2, 40-59 (2000).
%ﬁgl?ﬁggt%'invention relates to inhibiting CH§ Z-aCti¥L%5f/iﬁs§t106/03s174
i e

biological sample or a patient, which method comprises administering to
the 30 patient a compound of formula I, or a composition comprising said
compoundf Addthgpakiaat s misihkiaation, eldesrioadisotms dasivemdenyribed

or _preve“fé'P9@&5&5}%@%@??&&?&?@?@%&? @@(E%’g%@@?'&@ L1, Oncogene,
which method comprises admlnlsterlng 0 a patient in need of such a

treatment & tH&A%JemRkiy Ne PARIC aefR¥epetsirnis 3088938174
effective amountiebtaonymotint] hé fanmtlen ailaephamdbenlicAKT activity in a
compgsiti reof, T rms. - ia jsease” Qr e
BRI e S e, 2 B, SRR MEEA sominiperiog v e
deleteriouB ESHFORRY WA REHIERIKR th &7 8y BOSH G| 60TFpes e §9ad compound.
"ERK-2-mediated ghispasgpdf 'HRIs2 imestiaiedtandition’ Alsadnedireating or

those diseases or co itiong that.are alley'atetglrb}/ nﬂ atme tvE\{ith %IE K-2

inhibitor. §’ﬁ%ﬁ%onr$q%tlorﬁén}%éﬁe e‘,il\sf\?ﬁﬁeomtlrﬁi ation, Iat%rcg,g r5?<ee,° comprises
diabetes, ifapakenagatye paticid mseedaridivdasaiavhedingioandtotvelalgifective

Alzheignernglisease: astimibrosimmpbAissant RUIRINAIHRE SR A88 801
atherosclerosis, ]0 restengsis, or%ssi%, allergic disorders inclu%érig Y
asthma, inflammation, Neurological o on’, a5 used

TH8fs Shd HEmMToHETets
diseases. BRiC 2protain Kinessconntheitdaistptiontiomilitivarioushilis Sas ésknown to

has beend9ﬁ§qi*&§6’. forLxamplein.Rekemeyers ot gl *%99-%5&9@354%&5%“ also
1187; Anderson et al.,. 1990, Nature 343, 651; Crews et al., 1992

Science Zglgfﬁ‘fg?sﬁjgﬁ?g%ﬁ &t sPudisens happ elleined Ay Fesimgnt with a Src
Rousk et athitig94, Ceth78;cboRitnRaingiedeld etidlout 996niModnCelyBiatalcemia,
16, 1247; Rai ggﬁg,d gsrt&,ldra@%@; € 3 P Gy !élatl .Scl. . .

USA 90, 1o000 Qliver et al., 19@5%l %%b%%ﬁ%%% é_{i%t. Med?é\gg?elg’%m&m’
Moodie et8f PA%583 diseass, Sreaserefidamrse iy 45 domiirgtion 1o gaiens disspses has
Res. 57, 628p Shsarihndafor etaatpld 80JorhadjrCdnvests 90(10478;90¢helebell, Cell,

atal., 199¢, A5y doBESRii G629 el %J%g&fraﬁ??gﬁ@@g%ﬂ&%@ﬁﬁg%mgs of

the invention relates to |nhib|t|n? ERR-2 activity in a ogical samp
a pati@nt, RRERVRAMEE SRibridds GaR%hiSaemepth thélBatarest 91, 53 (1993);
compound.off@intiad, BiopheQREO I FETPYES| RS CRRIPOHAE., 261, 13754

phr sk bl SUENAD RS SRR SIS
method 27> 1257 (1998); Biscardi, Adv. Cancer Res., 76, 61 (1999); Lynch, Leukemia, 7,
1416 (1993); Wiener, Clin. Cancer Res., 5, 2164 (1999); Staley, Cell Growth

25  Diff, 8, 269 (1997).

Another aspect of the invention rtelates to inhibiting Src activity in a
biclogical sample or a patient, which method comprises administering to the
patient a compound of formula I, or a composition comprising said compound.

Another aspect of this invention relates to a2 method of treating or

30 preventing an Lck-mediated disease with an Lck inhibitor, which method
comprises administering to a patient in need of such a treatment a therapeuticaily
effective amount of a compound of formula I, or a pharmaceutical composition

thereof.

19



comprises administering to a patient in need of such a treatment a
therapeutically ctive amount of a compound of fo alora

SRS composition thereof. The terms "ART-mediate-aid844K 038174

or "AKT-mediated condition”, as used 30 herein, mean any disease or

other dé‘l’eteﬁ?ﬂ@_’{égﬂdgigmi&éﬁﬁk%& Bl BPOYY&%E’K:%’@%’%%%E&&W as used

terms "AKT-mediated disease™ or "AKT-mediated condition™ also méan
those diseimensposndiiesatctiatare afievidthdergur candiéar vimvaigiick is

inhibitoﬁx@\%ﬁmgﬂﬁﬁtgdr@i&e%@&&h@gﬂﬁﬁﬂaﬁ&iﬂéw%ebéét‘daéﬁ MOiYigEeked
to, proliferative, disorders,.cancer, and neurpdegenerative disqrders, The

S R e e s S R
kndwn agiprotéick kiraséoB Iwkitredintod sldpseets o tradibernividadsildud afomot
examplg, iR KR alReRmNA G BR 33 3 ARPRnlRANGHE: Me@idl theumatoid

Oncogene,. 19 2000; Kazuhiko, N., et al, The Journal of Neuroscience, 20

2000. ATBiHEr ABDBHSF e TRGttrsPrem it BN TRIBiITAY AR T gttt Hh x=o
5 biologiestibadriptexmepipdtidnt]inaucH.yiethod ToiEid@s%ayministering to

the patient a eqmRRURLLof (Ml fch GRMROSH O AAMPTINRCORy in o

compound. Another aspect of this invention relates to a method of treating

or PreVinisH srenifetiatcbrirst axkichimrether SARRIIRGS, JWMEHSIEBY the
compriqﬁﬁeﬁdm'tmi@tgﬁhﬂg)i@amﬂdiﬁ nt nconpdsiifcal chari@atmidriapound.
therapeutically gffective 10 amopnt of 8,.60mpawad of 1oriuHad Urdireating or

pharmaceutical composition thereof. The terms "Src-mediated disease" or
"Src-maEratTgo ARitOPF e a6 d IS B affa Pl Rk B method
deleteriasipeRadidatinizwhig o Stpaischinawestbo Playha nodetmbhed divageutically
- "Spg-mediated dissase Ol ismssiated condiion; 0. MEARINAE position
D P
diseases or conditions that are alleviated by treatment with a Src-15
inhibitof18eRfh conditions include, without limitation, hypercalcemia,

0Steoporosis, D aa LIS, GafieRd 81660 HAISHISRINRN Ofiadi:", as used
metastasiSy a?‘m%a%a%%t ﬁigé?a'sea%%teg&? oleinKinase %di%%"ohm “C%%%”A%l is
various (flrsgﬁses as “been described for examp ein _orlano, ell, v
551 (190w drarlayet atole elhesiems 3 4bbompriqek Ajsnsag)i, & Oihl-mediated
Invest, 10didas (1299 BesehalieddiascehfBdhe e iteea 8088 B Meatment
717, (2000); T?‘ 0 L@J Clin. Invest. g}l, 53 (1993);,. Lutz, Biochem,
BiophyS L A5 U ot} AT SRR Cheribi s gy P re ot
(1986); Bulen i@ risokttats.SentbuSdy cemigmyzivid le1enia. Mhsaksociation of
Hepatolgglyv,idy vhdoné QAR BisqRid cddMblanseLBage FOrRAL99, M
Lynch, Leukemia, 7

Engl. J. Med. 2001, 344, 1038-1042,

25 Another aspect of the invention relates to inhibiting Abl activity in 2
biological sample or a patient, which method comprises administering to the
patient a compound of formula I, or a composition comprising said compound.

Another aspect of this invention relates to a method of treating or
preventing a cKit-mediated disease with an cKit inhibitor, which method

30  comprises administering to a patient in need of such a treatment a therapeutically
effective amount of a compound of formula I, or a pharmaceutical composition
thersof.

The terms "cKit-mediated disease” or "cKit-mediated condition”, as used
herein, mean any disease state or other deleterious condition i which cKit is
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1416 (1993); Wiener, Clin. Cancer Res., 5, 2164 (1999); Staley, Cell
Growth 25 Dif 269 (1997). Another aspect of the 2ntion relates to
MA@ B Rctivity in a biological sample or a patient, whichfh&tHerf0o/038174

comprises administering to the patient a compound of formula |, or a

i e i . £ this. i .
eatos 1B BtrBof oktin or itk o R AR e e
with andoghiifvhnlbites, mdaicthose tiveses ompridioriirihisecaileyisted Patieatment
in need“ﬁg%%?@1&4&%@8{)%%&%&@9&&%@%@ﬁpem@d&ogﬁmg,am are ot

compound of formula I, or a pharmaceutical composition thereof. 19 WO
2007/041558 P TRISODORT LY Ao nisHiemHa  BARERIBMRTRY Sfeemeletgpos
"Lck-megigiedicaoneitonkina/asad hirephptiteananychséysgestateros, throid
other deleterious condition in which Lck |s le . :
terms "ﬁaéﬁg}?ﬁ)glgfatsgg%iggeﬁgs%ﬁ%rC%I{%E%rléliéé’dé%eﬁ(?%%%t%?gfﬁg%oar{%gﬁ eyse
those diseanemsopBiiteisnens: sracamcieasd By lrakimentosrifticaireegel
inhibitofykckomediateehiceases or eanditens indudimobyt arpediatritmitatcen

to, autoi ne diseases such as transplant r%igction aIIergxﬁ}sje -
! . . . 1l £
rheuma RRTSand reukemia. iﬁé%agé%suaetlgﬁr%iflfnc’ﬁ with vanous  ©

disdasesKhasideeniae stisiseas hos bsamdeteribeM Sirrennk, N ersichss ol J
161 (1987);Anothel2spest,ofthgdmiention relates to inhibiting Lck

activity in a 1Q biglogical sample or a patient, which.method comprises .
administering %&?ﬁ?lgpaﬁﬁ%cﬁtgg (t;%emlﬁ%elﬁ%ﬁno?e%ﬁm a’lrr'f]hérlgn oﬁn%%saﬁlﬁovr}] mea
comprishivgogaial comploetda Antisthie rdigiestediafisimpastioadeiniemealo the
method gfteatinggbuRieYeRtingaalAblanpdinied (isRRSa YN ABrAund.
inhibitor, which method comﬁgise.s administerip%%tota patiee%(i)g r})e%etcrleoliIF or
sudfl a treatmERCETH SHESEUHE A 1 B SHAEHVE Bivolht Of X compound o
formulapreseatiph aanidtemidmtabrdisessitionithhere gt hislibitas  which method

"Abl-megiated disgases@inf Ri-Madiales LRBYHOR: a%baeknhe Bifpeutically
mean a% isease state or other deleterious CandI'[Ion in which.A

lfl is ..
known tBESREY S B RE 2SR ShERRHR o ek SR B R TR g hom

20 condiiasdfalso mean those diseases or conditions that are alleviated

by freatment with ap, Abkiphihiter.AblmesidlediisaRaes-ar GAaMIPNSs used
include, but are not limited to, leukemias, particularly chronic myeloid X
leukemiBET$fe HEEH AR JisGspe state or other deleterioug condition 1d winch FIt3 is

known to play a role. The terms "Flt3-mediated disease” or "Flt3-mediated
condition” also mean those diseases or conditions that are alleviated by treatment
with an FIt3 inhibitor. Flit3-mediated diseases or conditions include, but are not
25 limited to, acute myelogenous levkemia, mixed lineage leukemia and acute
lymphocytic leukemia. The association of FIt3 with various diseases has been
described for example in Stemberg and Licht, Curr. Opin Hematol. 2004, 12, 7-
13.

Another aspect of the invention relates to inhibiting FIt3 activity in a
30 biological sample or a patient, which method comprises admunistering to the

- patient a compound of formula I, or a composition comprising said compound.
Another aspect of this invention relates to a method of treating or
preventing 2 KDR-mediated disease with a KDR inhibitor, which method
comprises administering to a patient in need of such a treatment a therapeutically
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Abl with various diseases has been described for example-in Druker, et
al., N. Engl. J. 1.2001, 344, 1038-1042. 25 Anothﬂ:pect of the
WEeBoh4siates to inhibiting Abl activity in a biological sampl&{©¥/H52006/038174
patient, which method comprises administering to the patient a compound

of formulf L% S AAMPASI A GOMBIT Rl EOrP YA AR ARG on

of this mven |on relatesto a meéthod of Ing’or preventing a
cKit-meliratell disease with an cKit inhibitor, which method 30 comprises

administering fR.a-patierRbR-REEH:G! SUchA Heatbprataiierapgitea! s used
effective amount of a cqmpound of forﬁ %&IE ora har aceutica

composIFSi- (HEPR SPOTRESRSPRE SR 528 mon‘ékl %ﬂ%ﬁ) is
conftlitidnigvess tesplely ereie, Theanras ) Ki3Rasedstate discothtod dletRioediated

condition e 6 1ds, AN 20RTIOA R BhPETIS MR RAT

known to play a role. The terms "cKit-medjated disease” or "cKit-méediated

conditiofiihrRRBARM R KR 4uetialnd Hrrarrs e tnatidrasdnetidtetpbire not

treatmeniniveit hoa Ractdtiomhibitdre Olif; medigteakdiseasanioraonkifioys bladder,

'ncmde’o%{-%n aﬁd”&%dlﬁ%%%n%ﬂ%ﬁﬁ&lﬁ%@%&%ﬂé #ﬁ%’fg{&ma multiforme,

gastrointes stromal tumér, 5 smonasal natural killer/T-cell ymphoma,
seiﬁ|noﬁmm%g@mﬂlﬁanhamﬂ%@laémmma@éﬁma&éﬂwa&%%rfa?h%ilmg
mallgnmm@ﬁ@ms aglenoidyeysHibiAaEcinameny aRaFRasCIgpBoma and

acute m eIo é%%sé emia, anarglatsgc Iarqui cell ﬁgﬁfhﬁmﬁé‘ﬁ?m ocular

angiosarcon AT ka RO, pedit
breast c@?@%ﬁ@mﬁlwméstﬁfbféﬁrciP\@ﬁbﬁ’:ﬁﬁ@%’@cmﬂ%n BRLERIKAsIRith he

various gispases haxieen deseriaes doemsamplesieaissiakdeiodl sxdmple in

Clipical Oncolo 2002 0,16 rlzler aspect of the invention
relg%es o NIt ng S }?e‘ff%y%lﬁé g (%:g; sample or a patient, which

method compﬁ@éﬂlﬁd%ﬁmﬁteflﬂﬁt@w@%m&ateoﬁﬂ}%ﬁﬁa BDBrastitaty, in a
or a corgpmsitian mﬁri&m SAILEOMPN Btk ABRiRak ASRREOEHHE to the

invention relates toam d of tr aotylfrzll 01:[: gﬁ}/ﬂenng!)n 3317150 cedlated
dlseaseWan PRBOW or w“n ﬁ d compris sa’é’ﬁnnlsterlr}’g% a

patient in nee&hﬁtsnchratweétmén@fa hhmm@mn%ﬁé@ﬁ@etamount of a
coggpound of farmula by81o3iPAEMAES HIGALEAPRSHER AL SKEMb Grlitfion,

terms "1710-mediated disease" or 710-mediated_condition", as %? g
cell cultures or extracts thereof: preparations of an enzyme sultable for in vitro

assay; biopsied material obtained from a mammal or extracts thereof; and blood,
saliva, urine, feces, semen, tears, or other body fluids or extracts thereof.
An amount effective to inhibit protein kinase, for example, Aurora A, is an
25  amount that causes measurable inhibition of the kinase activity when compared to
the activity of the enzyme in the absence of an inhibitor. Any method may be used
to determine inhibition, such as, for example, the Biological Testing Examples
described below.
The term "pharmaceutically acceptable carrier, adjuvant, or vehicle” refers
30  to a non-toxic carrier, adjuvant, or vehicle that may be administered to a patient,
together with a compound of this invention, and which does not destroy the
pharmacological activity thereof,
Pharmaceutically acceptable carriers that may be used in these
pharmaceutical compositions are generally known in the art. They include, but are
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herein, mean any disease state or other deleterious cqpdition in which FIt3
%égggg{l ik Ia&ml’e. The terms "Flt3-mediated disﬂe" OF o FIS2006/038174
hediatdd condition” also mean those diseases or conditions {Hg% AFE
alleviated by treatment with an FIt3 inhibitor. F10-mediated diseases or
conditioAgtinEnied, Butiemesnciargeclisnishning aclmainye | seanny Sdeiiiemignm
mixed liggaggdeukenia.and.achis, Wmphecyligleukemia, The assogiatin
of FIt3 with various diseases has been described Tor example i F-osPaates,
Stem bel‘f’é)' G LSIEC @gift. BB INR ethste ppmAial glyperids, Wivgtrrsr efsponted
of the invegetitierélagesctsjnhilsiin go PHRA Gl IN R BB OGR! SARIAEine
or aspati ieh met mprises adminjstering to,the patient a .
oo S Pk en s sodiom
Anotherci&pise: sihighisvsiiseissetalioidnd silnethurohineatinglonte, polyvinyl

preventip;gxaiiéaﬁ,-me&liaf&é-ﬂé%@@sesﬁmﬁxﬁ-,éé,[)Rﬂ&%%‘ﬁénéé"hi Eafcl?,th%%dimn

comprises,administering, to a patient in need of such a treatmen
therapeg%fggﬁwggﬁﬁy%%loﬁg écﬁ’gﬁeﬁdSZOWB‘R?%N%%ffeCtR%Y“hﬂme“
amount BSTEP s sneBosbrmdbrhes, a phigerhglenatiogyesimpesitionoo!  fat.
theseof. FaeniesndeittP Rorpssils e ase alSPRimedIRIG0 condlion”,
as used herelré, _me%\%}? disease state or other deleterious condition ih

which KBERE™S BN & RISSFPrafacg dmietisrsrahe dritetdiscontinize

no
or "KDRisfiendi alesdeieristition? dlsdamadimithoneldisanses:or Gaatitionsibatis,

are a”e\éﬁﬁﬁypﬁﬂfgﬁga%ﬁg o 'ﬁglﬁ% B&&Mﬁgﬁ[ Qarléetfs%]lf:‘ué%gg;gg%goHﬁ%mml of

diseaseslor contditlons Include, but are not _limited to, carcinoma o
" lung, brEA FAGASHER Ahm trse i arrgb s der, ovary and
endometrium, Theracngroistiousnef stia giieetng igliediatoma e it oraily,
sporadigcapiiafy hemangighlastoma.hematolaaical malignancies, .
includin9 T cell m%ﬁ?o.ma, acute @m?j%b_as?ﬁggl’eu ag%%??’é, 1] alﬁyé vaginally,
|ympho.%fﬁ‘5§‘ﬁan POty Biot el meerinie Fombemn Tnseentaral” as used hersin
degenefatiuiesretpetiscooy | artralienasg imhenmaiid BHRkHHESa! R synovial,
ischemig;and endomefriosis.. The association of KDR.with varioys. .
diseases has beén described f(%% g&ar%p?é%ﬁiﬁeigléerarnéiral?ﬁaﬁéa&’é#n?mmn or
ReViewd 36158, ogmigyess P1efombiih dhasprapesiione iy edudnivietadesrtdy, sub-
inhibitingri<iaRdgfivityrericorkintp gicaksamplgyor a patient, which method
comprises adm)ig}ﬁg.g}g to the patient.a compound of formula |, or a
composition comprslsilsng s(faaﬁlj go#e Srﬁrr&lt y@ vatiety Dgtecmques fentown i the art
Examples of formulation techniques can be found in literature publications and in

texts such as “Water-insoluble drug formulation”, edited by Rong Liu, 2000,
25  Inmterpharm Press.

Sterile injecfable forms of the compositions of this invention may be
aqueous or oleaginous suspension. These suspensions may be formulated
according to techniques known in the art using suitable dispersing or wetting
agents and suspending agents. The sterile injectable preparation may also be a

30  sterile injectable solution or suspension in a non-toxic parenterally-acceptable
rdiluent or solvent, for example as a solution in 1,3-butanediol. Among the
acceptable vehicles and solvents that may be employed are water, Ringer's
solution and isotonic sodium chioride solution. In addition, sterile, fixed oils are
conventionally employed as a solvent or suspending medium. For this purpose,
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The term "patienk: E—acludes human and veterinary subjgcts. 20 The term
"biolz% jﬁ&!l%éasm as used herein, includes, without tionli %ell 2006/038174
AaPRL G &racts thereof; preparations of an enzyme suitablé forR-UIH

. ...assay, biopsied material obtained from a mammal or extracts thereof; and

blood, #libindriivedfeitesysmmeemplepet snauditiyesynigsidlicn @ didghetsides.
thereof n tive. to.inhibit-protein kinase, for example ara

s o e e L e A 8 R O e
activity RIFRSF BB S Apisgteblosnas axtivitet sheramgsutieally tinseptsbimeidsofugh as

inhibitosliddyinethestonay, bepdsiety th dBsaraiRe-InIRaN SHERAS FRlse oil
ex%mplsedhtlggnléiolp%iu%agT?sts!n%gxaawoples described below. The term

"pharmaceutically acceptable carrier, adithvant, br VRRfdIEm alesiolgitpeqr or
non-toxisesaeaes suelavarrbwywetivl ecdhdosn ay mmikddimpistérgdgma which are

patient cdagRIKIeMIE:R160 %ﬁ%&ﬁéoﬁfcthiﬁ{&%%@éiﬁﬂ s QCWA%EQIQ Q650 Eorms

destroy. thle gharm:ixcolo ical activity thereof. Pharmaceutically acceptable

carriera that Hey Basg gﬁ‘%?iﬁ%’ggﬁ PR RREcRb st i fetans, such as
generaly kerswiltienshendrotfemespifechsaieivo utrantsiZ V2200 610¥ibakdlability
PO LLI2ARA] G 4:0 0 HHHLRS) |0l PED ARG RN I S AN

stearate, lecithin, se({um proteins, such as human serum al er
substa AR RRE A phBEprater figtane faam maycsogstasad far erpumeoses
partial gffoeridiztimixtures of saturated vegetable fatty acids, water,

solvents, saltgQy rotamjne 5 sulfate, disqdium '

hydrogen phosph%ﬁ%gggﬁaa%%ﬁiﬁgﬁ Bﬂ{)%spﬁ%\fg? soéldm?ﬁq%eh%ﬁ%?é?d by
zinc salt§ BfRER dLWE SIS ifikaitf apae Panv isiiedrinistpdingl any orally
pydolidereytagiulosgdasadaitances npolyathylesecaysrk, I8U8Naqueous

carbox ﬁ@ﬁé@f Il yacryl W, 0i olyethylene-
polyoxgpro pyléﬁgnie-&g %gc%tﬁgé{}r%%égé%%gt é%?ﬁtes g%ceoriigﬁ%e\/\%ﬁ P (yrmonty

Pharm2RSLFCEIAP Setaistaet Terrdde ealivlossndnsinmmor eeroiaohe Thdmicating
one exgpient sncwhishriagnegmmponenis:angethas@atiopican baigslectegtoym
optimizgy desi r ristics of the lation including but not

limited to sheﬁi{gggﬁégb%lﬁstﬁarﬁ)ﬁég e%l‘i@ E){*eatesli‘\)/re?ﬁ%%%%ﬂfﬁféé {agfgse and
sélt-entiietriemsirdontidraraumens supnrasions sitedfvictsase, ramdred for oral

metaboeks/hd mileehgpeapasitionshinavRIESARIANENHAN MBYRGe agents. I
P con et S RRIRAISI Wb RNSloR, BRI e/ SREEY 05
Alternatively, the pharmacentical compositions of this invention may be
administered in the form of suppositories for rectal administration. Thess can be
25 prepared using techniques known in the art including for example by mixing the
agent with a suitable non-rritating excipient, which is solid at room temperature
but liquid at rectal temperature, and therefore will melt in the rectum to release the
drug. Such materials include cocoa butter, beeswax and polyethylene glycols.
The pharmaceutical compositions of this invention may also be
30 administered topically, especially when the target of treatment inciudes areas or
organs readily accessible by topical application, including diseases of the eye, the
skin, the airways, or the lower intestinal iract. Suitable topical formulations are

readily prepared for each of these areas or organs using techniques known in the
art. For example, topical application for the lower intestinal tract can be effected
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transdermally, man implanted reservoir. The term gbarenteral” as

l@gdz&eﬁgl?sgg subcutaneous, intravenous, int ‘S'CUIE}’rCTmsz 006/038174
intra-articular, infra-synovial, intrasternal, intrathecal, intrahepatic,

intralesional and intracranial injection or 20 infusion techniques.

Preferalilys thetat onppessitigrisrmigadciiistbord) ey SubbRURRGO6SHlation.
mtraperlff%%%%f# prin ravelnouil . Formul%telons can be prepared by a

. -transdermal paiches may, al u % :
variety o gues known in the & s@xam?ﬁ s of formulation
techniques cafBddpioHbintinsfarmed plietition Sterphimmeextsisd chmagositions

"Water-ipsphuble:rugidenpwationeditach by Rond 1Y 2998e SRement or base

Integpharm Press, Sterile ingectable forms of the compositions of this

inventiof AT B e ATESt S BPaIEAL MR e S P fistoh o4 e SBeRTSpaTisTaTieTs.
may be fammrtafedtcpird mdingixiritchnrif) tescknpumils Yot Msiagon are well

sutable,gisgssitg ok Watkn AR'S NN RHHREN6NG B0PBISLTNG SIEH G,
injectable_preparation may also be a 30 sterile injectable solution of

suspensSioHin A0 ic BARYRR al§lscbe prabiexyritdemeor SOlveRtpropylene
example@sresmlutemiiffif-buianedivvAmongirenasesptakie prehiclesitical
anglysoly ] m d are water, Ringer's solution and .
isotgsniccgo ium cﬁc%%gs%mﬁgg‘rﬁﬁn fd%ﬁ%r% 80 e ixed offs are s the active
conventfSFRRFEE siispetied o disrobiedon Swspariaie phadiasautitallyrsceptable
purpose;adiyV SRBK Q4ARE8 kG USRS I3 it ceny Riand i@ doibitan
may be employed including.synthetic mono-or di-glycerides. Fatty acids,
such asn% (re%?g%}f and (%Sg@é{grid@t ’defr:i%\%gtivg%tear?e é@é{fm fRteRR afechol; 2-

preparafiehilétirfarehiresy bacabelnaturatesharmaceutically-acceptable oils,
such as  olive pik OpR&siRiOik-c aReshaNY AR tRel ROYBYEIY RIS e formulated

version 'IZ[Q se ?1”5 sglutiglr}ﬁ or sus ensionsdma also contain a o
long-chain alcONDI difient of “Hiepers AN SRR Y LAPEBS iSRG WsheRsigas in
or similapasirersihgdicpedtsiorflickrbine, comrebriblysedseithenfonmistaics, pH
of pharmgeescaliyaccaniabledrsasadornrs WAGINAING SASIANSAWeh a5

suspensions, Other commonly used surfactants, such as Tweens, Spans

and othdr EHRCE SR, YR ik Y Gn foT PRI GAlR 1ty the Pharmaceutical
entaincepnpisithngraaydm fooniiaedéo dn dhenesinuthctupetalatum.

pharmaceuticatiy %ﬁﬁ%ﬁ&@@lﬁcé?"%xﬂtﬁ%ﬂioﬁé ofperdosage Iorms,maY Al50 pe

be used f%i;[l?set: Pﬁlf‘i:r%oses f formulation. The pharmaceutical

composTHBHE Bt PR ATRY Be BRAERZA By e tHRQEESTEnER PiRpared
the art ancbrdag beteraliyuas witlistened inthayrordlharmacentical formulation and

may be prepared as suspensions or solutions in saline, optionally employing
25  benzyl alcohol or other suitable preservatives, absorption promoters to enhance
bioavailability, fluorocarbons, and/or other conventional solubilizing or dispersing
agents.
The present invention can be used to treat mflammatory or immune
mediated diseases in humans or animals, wherein the inflammatory or immune
30 mediated diseases include, but are not limited to, rheumatoid arthritis,
osteoarthritis, ulcerative colitis, Crohn's disease, Mooren’s ulcer, arthritis,
sarcoidosis, inflammatory or immune mediated bowel disease, systemic lupus,
Wegener’s syndrome, Stevens-Johnson disease, Behcet’s disease, pemphigoid,
Lyme’s disease, asthma or acquired immune deficiency syndrome,
25



15 acceptable d e form including, but not limited tg,capsules, tablets,

aq,ueou_ls'oszsusr%)ﬁqe ns or solutions. In the case of tabl for-oral use,
ARt fonly used include but are not limited to cellulose2S TAEf3ER/038174
or con starch. Lubricating agents, such as magnesium stearate, are also

D o oe eyt AT A AT RERIRRIADs IR or

or carriers include lactose and 20 dried cornstarch. When aqueou .
suspensigieesy sbriaBheinlertigus decrseorsiuded wiisereh et deiombils, a
combineshyitieenmiisibying /and susprnding Rgentsadfctasited, seraln ucer, a

sweeteny éLa\&; g{o&foprin% ents may alsp he added, Alternatively,
the pharmacautical compositions of this ﬁﬁovge%ﬁtilgge ?%13 baépéoa?nz?r?%t’élkg‘énﬁ?’ 2

the formisFsupiRsstteissdorvdstapkamisistration. These can be 25

prepared usingriRGReiasasJenas i 1,308 RN SQBNRISRNL diseases
mixing trgl?h%%e%\glitg a ggita le non-irrétat'ngagﬁcg)ient, which is solid at

room temperafire But e At rastaf B ?ﬁéé’F RS, K LIRS PRI St are
in the reBflirkingied|dasaciheoehiugos oty ateslasinchateid odmaristitter disease,

beeswaypapstahcthriane Blyaelsolbewhalmaneytieal Lemaostions Ahemia,
thlslawvexﬂlo(n ma%Falso be 3Q administered topically, especially when the

target of Treatment The M PR RIG A B S B giitasreddiG B%’E‘é%’b’?é"’b%ﬁgﬁna&
applicatiberedeigiudhendidegte bhifiwtasie, theaskinf thie diouaymaanttheanemia,

lower intestinalittacia Sl e.opiaLiumations Al s8ad k@é&,r%p@%ﬁgnfom
each of these areas or organs using techniques known in the art. For

example S AT 4P PR AAD A TB S EVR FiateSEomiF femiasts Yissemeeide bone
24 WO 20078413681 Gyt JER006/D8BEZ Al MY iodinecia s U pmislkonyyeloma

formyilatipn (SRe.aheMe:RRAsHItable enema formulation.
Topically-transdermal patches may also be used. For topical or

transdermal ap ST TBNen o FtRe tfddP B b Rsme tipng i@ humans or
formulatedapyntelshnigues trolin dbitianl icad)itableoiimeniandastomnal
5 contaigipg, e AGtive.companen ded or.dissolved in ane or more
carriers. Carrieréﬁf%% ’to{bical 'gdrg i n%s?txggﬁ?ggué?stﬁ%ﬂé%?r%néfﬁ%m(%?ﬁfspmmsm'
invention are v@éﬁdWGWﬂ%‘W@lﬁPpéﬁ’éihﬁéﬁ.‘iéé? BettarEapetiphipes-renopansal
mi'|19r3| @hﬂ?md, If’alfmﬁaf*ﬁiﬁ, C“ifh{fﬁ’fﬂﬁﬂﬂ‘ mﬁﬁepfwﬁﬂl _ @@M%ene(sjs, plaque
polyoxy XYPro ne campound, emulsifying wax, an ,
water. A?%ﬁﬁ%%@gﬁ%%ﬁgg pﬁhg}%{g%%lﬁ?icé?x%’com 8@#?8’%’02‘5’%8‘1 granulation,

formulat@éFiinalsfirasrasotfdtiodeere ahmerpinrigaise zctieoidonHomentsilso
suspendgefdr tisselvecinanenrdnarRP aatmace uically.acaeriablepmologic

carriers. SHIARIS CalaS Inclae, DLt 18 Not Iitegl 10, mineray ol
sorbitan MoroStearate, polysorBata ggg,e%seefyf“é%%e? RE A BBl The
2.25. invention can also be used to treat Alzheimer’s disease, to reduce the incidence of
stroke, and as an alternative to prior estrogen replacement therapies. The
compounds of the present invention can work by estrogenic and non-estrogenic

biochemical pathways.

Additionally, the compounds of the present invention can be used to treat
30  endometriosis. Endometriosis is the abnormal growth of endometrial cells; the
same cells that line the uterus that are shed monthly in the menstrual process.
Wayward endomeirial cells can position themselves in the lower abdomen on
areas such as the cul-de-sae, the recto-vaginal septum, the stomach, the fallopian
tubes, the ovaries, and the bladder. During menstruation, the normal uterine
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octyldodecanol &enzyl alcohol and water. 15 For ophigalmic use, the
harmaceutical@®mpositions may be formulated by nigues known in
t §§? 7zi?%‘l?r”f‘l"%ronized or nanometer-sized suspensions in isot&ﬁ&lﬁﬁp%msm’m
adjusted sterile saline, or, preferably, as solutions in isotonic, pH adjusted
sterile j:um&_, @m%gga zfﬂéah«btymgquﬁdserwﬁmﬁl chvagna, but transplanted
enzylalkenilum shigtider rnativ or.0 almic uses, the .
pharmaceutical 20 com ositioqr%ér%ga§fb%{]ft(])’$ é}gtg}&& i AR ethuhe rrdprontrial
as petrSSHFn I i Phag EcauticareonisusiponitootdnisThyertidin mayinteral
also beblactigistefieihyrionsahacsaseher DRIAHORe SUEREOMROSIHANSs of
aresprepared .accarding to technigues well-known in the art of
pharmaceuticeg %ormb?égﬁoﬁ an%fhﬁr%%y ggep%%ﬁ%eglﬁ]s ogh s wrally not
solutior&3HEEAE CaRrferEl Y aromtoyinyctintghs) Sehmbersther rupture and
suitablepregeriativesdahsaRiion MOMQILTSIReNNANGE higavallability, . .
quoroc%rlgor%(s) %Qsd‘{rgrdogher cqﬁventional solubilizing or dispersin age%’fs.
The present ifvention Gan be Usea T8 et IFHaRs HEtEF sPamanalrar vesicles,
mediat&Rissamesa. hotEnglp pagimalis bildréisishe dREeaIRBTY QBven to
immunén3R4mrediated diseases include, but are not limited to, rheumatoid
arthritis, osteyar@c{jrtlis, cerative colitis, Crohn's disease, Mooren's ulcer,
arthritis, sa_rcgiaoslls?j}h 3%8?8W'Sdffi?}ﬂﬁf8ﬁ%nﬁ?€d?§%b@W@Fﬁééﬁé@;ﬂase
systemieclbpasailsydie né e spntmme} Stestods JoNEAMISTBER, of ordinary
Behcetsiflise 38 «Re MBI s LUME S: i e, asthma or.acquired .
immune deficiency gﬁjndrome.BZS WO Ztgg%g%f%%igolgﬁ[ffggbd&ﬁg%‘ﬁﬁnd
The préSant invEntiBHEaRBR s daststrednintéatisdasaluels Jas tnRoumiation”
ori JanirRats, Mihedein, GROFestibLE disen sasdn cutarbithRERBRHIB)IBE Bice
syphilisy §s bagtayial infection, a Mycobacterial infection, a bacterial ulcer,
a fungal ulcef, a Herpes simplex infection, a Herpes zoster infection, a
protozoan inl%%‘f%‘ﬂ"}%m’é parsmiiedes pre Qiohisoriskopdossiioaitmrticles
Ereseniomwé' mm:rgénaﬁd:ia; @&%Mdlrﬁagbi%?mwm M?Q@I HSRAR ?ﬁgg@sed
umang qf animals, whetein lo se|.diseases include
buf are not limited to, ?/gefijn ogca\gorﬁ ai%%%@gg%%ﬁ‘éﬁ,%%gﬁd %‘i?é(ﬂ?éﬁ%@
drsbasEfbIS rrshy comered ler sefgems oy i etisetRe fidwliseasipients for
sickle oelopmeinita khfwaLkensiax: auriecokabronianeepiRstic direass &f the.r

bone matrow, hemAaRgiomAs,.eTeditary hemorrhagic telangiectasia
. S O3 c? i h—
disease of the bone marrow, anermia.° SR, and 20 optiodally preservatives

such as benzalkonium salts, benzoic acid or salts thereof, or parabens. By

forming nanoparticles, the compositions disclosed herein have increased

25 bioavailability. Preferably, the particles of thé compounds of the present invention
have an effective average particle size of less than about 2 microns, less than
about 1500 nm, less than about 1800 nm, less than about 1700 nm, less than about

1600 nm, less than about 1500 nm, less than about 1400 nim, less than about 1300

nm, less than about 1200 nm, less than about 1160 nm, less than about 1000 nm,

30 less than about 900 nm, less than about 800 run, less than about 700 nm, less than
about 600 nm, less than about 500 nm, less than about 400 nm, less than about

300 om, less than about 250 nm, less than about 200 i, less than about 150 nm,

less than about 100 nm, less than about 75 nm, or less than about 50 nm, as
measured by light-scattering methods, microscopy, or other appropriate methods
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impaired blood ing or enlargement of the lymph nqges; liver, or
spleen. The pr tinvention can also be used to tr hronic neoplastic

NLHE/ B8 bone marrow, wherein those diseases include, Bat Arg (161038174
limited to, multiple myeloma 15 and myelo dysplastic syndrome. The

presentJRyaRiam b’tsﬁiﬂi i i i
animalsﬁ}/qherein ﬂ]%?eﬂls;ak‘ién COW%%%%E}?@E%@%&&%@E%}?@?%@S%H be
abnormEISRSEHEBRIRG A Of dhrofuppieticRepre BatissTRsE BKTR, including
dermatitis: Gixps@IRsiSptRsadditienciasminve nfigmneaR 1#6r USBIRAD dre@bdermal |
variety of postimenonausal, 20 symotonts, ostegparosis, sardiovasculay
disease, myocargla ang‘?ogeﬁ%ss, é%aque nléovagcsul‘griz&on, pefiels Jor
henfopHitierosEnTies agithibrsrh sadarouipiehtvan uiesiensiorte ftin aladh elicnigble
sclerodesmaleRe HHRRIIGSeArSHatikgloids. They are also useful in the
treatment of dj&%ases that haye an ioqg)nesis,as a pathologi

e

C. .
consequence, SciPEEREFE RTCH HIg R 815 ATVERIRS BHLLRY BRiSHTftedsinte
The 25 nedamishiBanatso-bedeedible paymzheliversgiiseasds s detises: of
the incidgnesRfoitokgnand e @A@Wﬁé&ﬁ o)} BSH QS Arug is delivered

replacement therapies. The compounds of the present invention can work

by EstrogEriteaiy hematorbiehedniche srbarpatitafie cumamspatieske
compouwdésf ithepresent rviantiemahin e udedity etk 8Onor. A review of
endometrisi oM ometriak cells;

the sar?é@%%#agﬁﬁgﬁg%aﬁéﬁ}ﬁﬁﬁ%%%ﬁi montérgl{‘Sﬂ/ﬁi{%ﬁi‘tah{(;-;11 rhgﬁbs%gag ble
process® VSR AP eI DREETA I DERECa i 3s &It Pt rREt & (Rithot e Pk,
abdomeviate] apeke:s Uchigsvitiehcis| ide-gae; ttdehepdio byagifalme Jil M, dhtrety.

St%acmaﬁeia#a@é@ncgﬂb&sf&ta&do%a\fﬁgﬁ%%gﬁ% bladder MG lymers”, D.

menstruation, the normal uterine 2 20071041358

PCTIUSHewEIBg1 Rt As SomBned o &itaaxise l@8Bvbisgreorporated

vagina, hestitt spsplasies icindaitietyial tissue has no means of exiting the

body; instead we,.egﬁdomet%al tissue an LL}ce(l!g adgere and Ig&(ljuw,where
u

) Tnaceuticall cce TIVatve  of Dieans
posmoned. The re% ts are mte?naal cb eeding, mﬁammatloﬁ, ana scarring. any

One of teEEssisEbhysqriaplecsibisEnaoidetrll € anRpimraYdRr other
Thegoendrmetiial gfavids:peengese ity iReintoalighan! apeANGaIR IS ation to a

Ao S DBIGHPe 1 AR B RO R S 6 S5

progres§iven thse as@n TREHthacEr temitoliie fifSesiden Bitendar Particularly

vesiclesghied hesamves et paiaciEnally |BregessitRblackhle sionaIMaL@ of the

period otfo?nep\é%gdtso of this invention when such compounds are administered to a patient

25 (e.g., by allowing an orally administered compound to be more readily absorbed

into the blood) or which enhanice delivery of the parent compound to a biological
compartment {e.g., the brain or lymphatic system) relative to the parent species.

Pharmaceutically acceptable prodrugs of the compounds of this invention

inclade, without limitation, the following derivatives of the present compounds:

30  esters, amino acid esters, amino acid amides, phosphate esters, metal salts,

sulfonate esters, carbamates, and amides.

Pharmaceutically acceptable salts of the compounds of this invention

include those derived from pharmaceutically acceptable inorganic and organic

acids and bases. Examples of suitable acid salts include acetate, adipate, aiginate,
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10 ten years. In addition, the compounds of this inventign,.can be
formulated to i se the bioavailability of the compiggd by methods

Wt 1968 3%hose of ordinary skill in the art. Methods of form&SHifly 1038174

compounds of this invention and examples of formulations are described

in "Wat ﬁﬁ&p ﬁféﬂﬂﬁ Tr Al ‘ iu r
LLC, Zoe%3 , whi(’:?lé%%%{g’rporatecl? R%Qg?n bgl re ek{g’ng% |n{|ei’scte%%tr§t§.§ﬁphome’
Formul i esiaRtfiate S ¥doperir BRI GAYEnt o diBiRsaEim an Spdpariadfate,
formulatignssnndasny eeniellachprae pitlainspBaiie d8RBR M MetRoeS colate,
disclosed in . Patent lication No.,10/392,403 (Publication No. ..

2004100 IR b AR e RSBt S0 Mt b YRRy L iodide, -
entifety hpBaridiestifiens fdechlnopaitaies kndwatén thethanaseliete, 2-
water, SHifRaRIBEIMEGEAR) R PR SIRHIR o LANVINEIR{RRd iR nate, persulfate,

celluloses), and detergents, and also optionaél):ié preservatives such as

benzalkwitiy ARRBI Bre BRI oP S PREYatT RoPRiRaBetticgys: succinate,
forming néiatpdrticits, thieayempositiphsdisdlosedchasein ke incikasedh as

25 bioaygilabilty; P B%E%%M%QQﬁgﬁﬁﬁieg{iglﬁy?%%?a%@%% %ﬁeénrployed in

present invention have an effective ‘averagga particle Size of leSs t

abdbit 2 hiersREetiscfsalis uprlch s SoieRsTinsssnekiniaing b sonnmndees the
than abautf7@DarmthiesshhancatiualhlLonlle kess dancakens. 1500 ran,

less than ab £ 1300 than about 1200
i loS8 than SRk 10D o 0L URaR SESUL EU00 Nk 2 B s wd

about 9BOHHTETIsakRERE SBTR TG0 (i, RESBHEF A BBIOPOT A NS theliyDs
- about 66amITHesHthatvAbMY SREsIY BsSqihadambadh AGO.RMN bIRSS theden-
about 300.nm., an ut 250 urn, less than. about nm, less than
about 150 tnm_, %giot anoig%u%ﬁ o}lﬁlﬁs I(glss,%(’t‘ eﬁhg %Iﬁt"% fim. or esgg&qe or
than ab&tPeEiHEPdusHoasnbe e BymmsHivseshaprgTimeiids, microscopy,

or other appropriaithoaethddse grotOAR HPARR MY W, be combined with the

PCT/US2006/0381.74 well kcrlaown to t ose of or, ina\% fkill in the %rt.
catrier matenalg. 1o pro uc%a smge os?ﬁe orz{n I vané]d ending upon the
Nanoparticle preparations can be n€orporated into many e

formulatigfeabpreriehedideberipetiviore, irdedpigadorinisizatipte Preferably, the
sugpensigRsoaTerRamm Rl iTtRaMedobiapicaletgansdennal 0.01-100 mgke

adminisfration, suspensions or powders, or tablets or.capsules or pellets
for 5 suéf?%tysi‘fvo%}é{sg %ary fg#og?‘r% %rﬁ?ﬁigﬁa?%ﬁ%ﬂgﬁg GSina %Wﬁterr%% wving these
injectabkemiegfitiations, and polymer formulations. The compounds that

make up this ifwABHRNGANHLY GIRGORAAMAA WQific dosage and treatment regimen
for any particular patient will depend upon a variety of factors, including the

25  activity of the specific compound employed, the age, body weight, general health,'
sex, diet, time of administration, 1ate of excretion, drug combination, and the
judgment of the treating physician and the severity of the particular disease being
treated. The amount of the inhibitor will also depend upon the particular
compound in the composition. '

30 Depending upon the particular protein kinase-mediated condition to be
treated or prevented, additional therapeutic agents, which are normally
administered tc treat or prevent that condition, may be adminisiered together with
the inhibitors of this invention. For example, in the treatment of cancer, other
kinase inhibitors, chemotherapeutic agents, anti-angiogenesis agents, anti-nausea
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biodegradable or non-biodegradable polymers allowing for-sustained
release of the ound. The polymers can be impldg&d so that the

ngz?g-"é?é‘ﬂ%gred 10 parenterally throughout the body or the po‘f%@%ﬁ'ﬁ“”“

the compounds that make up this invention can be implanted in the

vicinity gfding, toonary-SifeMirmgota0ly Mer oMot s Aolbaly 639 be
be found for,e%amlglle in "Biodegradable Polymers as Drug Delivery
SystemEEHREIN I SfPToSFR) SPRPCERE) INERRF (19T M eieindr, arbdgese
which isigacerporiated witein Bimiefing noevanitsnehiiredyiaidyodn othemietiavne,
can be {aundidc"Handbeal ek Biodagadable PaNRSS; |
Kost and A. Do?nb_??aylor & Francis, 1998, Wh?gg%%’cgﬁggﬁgﬁgﬁ%%% and
by refer@AERH FEEHFety. A "pharmaceutically acceptable derivative or
prodrug"” meadshanyxphplnaceigtinalyiacdapinblecsatisesianmmigay sak be
.Of an esctgr{‘lﬁlrnég wil\%’ ;%EIOt e,e.rWI‘%Qo% E%%%lgn,q];aagor?&ogga Loft I%etes. ch as
invention which, upon ad]mlnlstrat_lorj to a recip _ntfs, IS capa i o’[aprowé?ng,
either diféely 8F iRnthFactRrlegeempolitgiitis inkadetion formnalitatonesilylpha
active npeicdaliie entBaichicHiaeiaRbs PREiGH| Ak favared JeRYSHIMES Ok, anti-
prodrugs are those that increase the bioavailabiljt the compounds of
thi%ginvgel%i%or?im v@_ eh st t?:orsﬁlﬁ%uﬁ%scg%cgs ﬁ{ﬁﬁiss{emo giﬁﬂﬁéﬁ‘\t o5l R4,
(e.g., bypzioarAgeancyrnpesthmideerenicomiotingnte benmorenredidifipry and
absorbegnintesiprelend) apmpichyeahance.dalbenHOf thePRERR!  rapamycin,
compound toh% bipgogical éo partment (e.g., the brain or lymphatic )
system) TEIRIVE 16 the PaTEnt spetEE BharmutEeREN S ccepidpphophamide,
prodruggrahitrsivo rmpd sridsabizing novermiohicifatice swiheucktyithtibiesterase
the jollowing:seriveivesiab fas PiReRRLAO MRCURAR A ESIR SN S RGIL s,

esters, agﬂn acid amides, phosphate esters, metal salts, sulfonate

esters, & %Oiémﬁ? SR d’gﬁnﬁgﬁﬁﬁ%ﬁﬁcﬁfrﬁﬁ%ﬁﬂ@ﬁfﬁglﬂ Yrgase
compounds ef thigarenton KCRidehihives, déhivet 4y ontplaarnsieiuti calbtne!

acce pt%&l&@x@f JRARIGra#gk Ok aRLC fﬁ%ﬁtﬁfé@%%e@éa@me§soéo$rHét&l?é§oids,
acid salts é%clude acetate, adipate, alginate, 28 WO 2007/041358

PCT/USIEEE4B T Tepiene, pih 2Bt teAserE s aRBHa &b TR blood
budgratdlixitdate, wamphoratioceamiph orstHfanateiceygents, and growth factors;
lOpentaﬁﬁmwaﬁﬁg&kggogﬂﬁ’ qu%%k%%gb; etweggécﬁ%a%t treating

formate, fumarate, glucoheptanoate, glycerophos%hate, glycolate,

hemisuffAERERHSITEaY S iFradetn SR BRIt hy drobromide, |
hydroiodide, 2oy didityetilanest|fonate, daatatacinblepiesialenatie protein
methanﬁﬁyégogﬁ;ﬁt&:comaim'ng composition, or as part of a multiple dosage regimen.

25  Alternatively, those agents may be part of a single dosage form, mixed together
with the protein kinase inhibitor of this invention in a single composition.

Compounds of this invention may exist in altemative tautomeric forms, for

example as in tautomers shown below. Unless otherwise indicated, the

representation of any tautormer is meant to include any other tautomers.
30
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naphthalenesulfonate, nicotinate, nitrate, oxalate, palmoate, pectinate,
persulfate, 3-p /Ipropionate, phosphate, picrate, p.?a_te, propionate,
SHftIat48cinate, sulfate, tartrate, thiocyanate, tosylate and<T/US2606/038174
undecanoate. Other acids, such as oxalic, while not in themselves
pharmaceutically acceptable, maygBe employed in 10 the prgparation of

salts useful as intermediatesy aining the compou offhe invention

and their pharmaceutically accepteible acid addition salts/Saitis derived

from appropriate bases irLcIﬂ e au(ali metal (e.qg., sgdﬁ affd potassium),
alkaline earth metal (e.gs, agresium), agmenium ' (C,_4 alkyl)4

salts. This invention alsq, “Ifabnﬂi’éhe quaternlzaﬁg o%n%é%qglc
nitrogen 15 containing groups;of compounds |sclo%ed ein. Water

or oil-soluble or dispersible products may be obtained by such
guatenzization, The amount of the protein kinase inhibjtor that may be
combined with B SRFPRBte R B B R R BRGAE SRl donta
vangdependiptpmpuorutiellpatieptdreatet and thepdntictiaraiode of
administration. Preferably, the 20 compositionsshould be formulated so

that a dosage of between 0.01-100 mg/ke _bady weight/day of the inhibitor
can be administered to a patient receiving fhesg+ compositions. It should
also be understood that a specific dos arfdl treatment regimen for any
particular patient will depend upon ‘ﬂ’%ééﬁé of factors, including the 25
activity of the specific compound emplayed, the age, body weight, general
health, sex, diet, time of administratf®n, ate 8F Bxcretion, drug

combination, and the judgment of the treating physician and the severity

of the particular disease being treateds Fagiamount of the inhibitor will

also depend ugﬁn the particular compound in the composition. 30
Depending updii & particular protein kinase-mediated condition to be
tredfed or prevRraed Ridditiodeidineralycatictad dmis, tivhighuareonsistalyt -T-R*
administgreq t9 feat or prevent that condition, may be administered

together with the inhibitors of this invention. For examplg, in the treatment
of cancer, oth& Rindessd ot &f@ﬁwﬁ?ﬁ??&ﬁ%lﬁﬁc—ggeﬁ@? —and —=—,
anti-angidgsiesisihgeRS-aRfi-naissebe 29/ Or 2004 WiBESond or a mixture
PCTIUS2Q064038174 agents, colony-stimulating factors, or other

anti- roliferatii/q agents may be combined with the present compounds to
tredt cancer a§i§ﬁ(ﬁ<‘ﬁ3‘ﬂ1@rﬁ}ie art. These agents include, without

limitation, bevadipumés ddriamyibited] exametliaSOmne or 8-10 membered bicyclic
ring selected from the group consisting of aryl, heteroaryl, heterocyclyl, and

carbocyclyl, said heteroaryl or heterocyclyl ring having 1-4 ting heteroatoms
selected from the group consisting of nitrogen, oxygen, and sulfur, wherein each
20 substitutable ring carbon of Ring D is independently substituted by oxo, -T-R’, or
-V-Z-R®, and each substitutable ring nitrogen of Ring D is independenily
substituted by -R%;
T is & valence bond or ~(C(R%),)-A~;
A is a valence bond or a C;-C; alkylidene chain wherein a methylene unit

25  of said Cy3 alkylidene chain is opticnally replaced by -O-, -8, -N(R®-, -CO-, -
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vincristine, cyclophasphamide, fluorouracil, topotecan, taxanes,

interferons, andglatinum derivatives. Other exampl '_fg_agents the
WRIBRGPE-APHRis iInvention may also be combined with include AEHG$06/038174
limitation, agents for treating diabetes such as insulin or insulin

“analog '“inﬂ_'ﬁg&plq inhalatign_fo itazenes, %@( gl i >
inhibitors, |gﬂan|des,’in%ﬁiﬁ §§r€§%éﬁf§m§§& sulfo I’ureae}j}énﬁ@ﬂﬁ’ or
inflammdfidPagents such as corticosteroids, TNF blockers, IL-1 RA,
azathioprine, gyelophpsphamidenand sulfasalazine; immunomodulatory
and immunosuppressiye agents such as.cyclosparin tacralimys, 6
rapamycin, rySOPREROERE HORERSEREIGRE Canibeisronds o N80
cyciophoph&8miN& azattitiiine, @ sule@alazitdRIERotrophB IR -
such asprepysalines RIRADIQIRAMAG INEINR NICBIARR )., -
anti-convulsants, |0é:échann%l lockers,, riluzole, and a%@éklnsomaﬂ p
agents: A8ehts dr e ﬁ%@a??ﬁ%’véggﬁlgﬁgi’s‘e% R étgg?&éﬁg?‘s)“ )
ACE inlaititys(Rfie@ies, -0iRiiesNERINIm @harbel oistkBrs, artRIxhS)-, -
agents g ey di supericosteret esi@ ine,
interfergsrtl?{ %gégﬁ#%f gﬁeﬁgﬁ?g‘?egn% fggztréatingt%ﬁzd O@Jdis_or,d:?s
suth as corticBsfafblis2arArREReTIY sgjeritd Brm BostiiiSeRsIging of -R and
therapeuttigrartjlap dit siuchisieshesgdizy with iandagentifpstneation a fused,
mmunodeficlenty disaicis Sush ds SATMP dllidiled NERe AdAPTRL ving
agents may%e admihistered separately from the protein kinase
inhibitomesrRERMIGaenitE FmmcoraspmsTiae it KB SGEerBg b A,
25 Altergatival\satinosesaaenis maycheqnst efid sisdemipsagedaynimidee” is
together_with the protein. kinase inhibitor of this inyentiagrin_a single
cob oS RiRO AL AT i B v (0 A L SRS and cch

tautomenibstntblefoingonierse o SHAARS FERedHEVR BEHE. Uh@dependently

otherwisgHndicaied -Hie representation of any tautomer is meant to
PCTIUS 20005 AR B RS RO R R P A6, O REcOR. -
CO,R, -COCOR, -COCH,COR, -NO,, -CN, -S(O)R, -S(O)2 R, -SR, -NR"), -
20 CONR) -SONR", -OCEO)R, -N(R™HCOR, -NRYCOxCis aliphatic), -
NERYNR*,, -C=NNR*,, -C=N-OR, -N(R)CONR");, -N(R") SONR"), -
NR*SO:R, and -OC(=0)NR)3;
each R is independently hydrogen or an optionally substituted group
selected from the group consisting of Ci¢ aliphatic, Cs.10 aryl, 2 heteroaryl ring
25  having 5-10 ring atoms, and a heterocyclyl ring having 5-10 ring atoms;
each R? is independently selected from the group consisting of -R’, -COR/,
-COo{optionally substituted Cy.¢ aliphatic), -CON(R),, and -SO,R’ ;
each R’ is independently selected from the group consisting of -R, halo, -
OR, -C(FO)R, -CO.R, -COCOR, -NO3, -CN, -S(O)R, -S0; R, -SR, -N®"),, -
30  CON(RY:, -SOMNRY, -OCEOR, -NERHCOR, -NERHCO; (optionally
substimted Cis aliphatic), -NROINERY, -C=NNR%;, -C=N-OR, -
NERHCONRY,, -NRHSON®R?):2, NRHSO,R, and -OC(=ONR )z;
V is selected from the group consisting of -O-, -S-, -SO0-, -850z, -
NRSOr, -SONRS-, NERS-, -CO-, -COs, -NRIHCO-, -NRHC(0)0-, -
32



RY NQ'R' RY i iigln.ene embodiment, the present invﬂn provides a

oM@la. 5 | or a pharmaceutically acce le derivative or
S‘?@?ﬁ“&%&?ﬁf, R2 R2. ,NH HN Nre N RY NQ-R1 Formula'[CHHeF&I?38174

10 R' and RY are independently selected from the group consisting of

T-R3 NRICONE R ﬁ(ﬁéﬁ@@dﬁfwﬂ@ﬁm@é@-p@(ﬂ;m&pj OCONGKS -

-CR6"= h- 8nd s rejpsaid sCRE: & GRE™- may or | )

double b%gir? 20? a %‘%ﬁ ’ t%ﬁ%&@@%@i%%@%@ is 55@9_521\1(115)

memberet#iodtfoliciAhg $B-LOIRFER HRFOONGR belcc@iRo0-, -

hergoan o e e o
teroaryl or erocyc I aving 1- et

thee%grroug conrg?;tllﬁg%l? %ﬁ(ﬁor}g%’ﬁ, B35 GNP AOPSITHAE, fheréin)elehSR 2S5~

substituf&BiR:Aflg cAHRORFPRINER hmﬁkﬁﬂdem&%}jﬁagmeéigpmoz—,

TR, QYGRS ausheseb ey aining g agen O Eeba 2%:»0“, i

ind I titu y -R4; T is a valence fond or (C(RO)2)-A-" A

:2 ae\?;’;{?]@mﬁ-a g@é&%ﬁd‘éﬁ%@%ﬁi&m}ém %%ﬁ DR -

25 of sdR N RROMNES)chai-C0BESMally replaced by g ES -N(R)-,

-CQy, - 31 Ak(g 2 A 38174 CONE-, - -\ o

803 -SOPNEL R shs TRy e M SRl AR s

isaC lan Iﬁg}lfa)élﬁgagﬁéﬁhmmted Cr aliphatic group, or two R groups on the same

nifrogen atom may be taken together with the nitrogen atom to form a 5-6

membered heterocyclyl or heterbaryl ring;
each R% is independently selected from the group consisting of hydrogen
15  and a Cy4aliphatic group, or two R® on the same carbon atom are taken together
to form & 3-6 membered carbocyclic ring;
each RY is independently selected from the group comsisting of hydrogen,
a Ci4 aliphatic group, halogen, optionally substituted aryl, and optionally
substituted heteroaryl, or two R®" on adjacent carbon atoms are taken together to
20 form a 5-7 membered carbocyclic or heterocyclic ring, or one of the R6” can be
taken together with 2 substituent on ring D to form a fused bicyclic carbocylcic or
heterocyclic ring; and
each R’ is independently selected from the group consisting of hydrogen
and an optionally substituted C,.¢ aliphatic group, or two R’ on the same nitrogen
25  are taken together with the nitrogen to form a 5-8 membered heterocyclyl or
heteroaryl ring.
In one embodiment, the present invention provides a compound of formula

Ia or a pharmaceutically acceptable derivative or prodrug thereof]

RZ il
RX i SN
RY N/)\Qa‘R1
30 ia
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5, -S02N(R6)-,@R); -CO-, -CO2-, -N(R6)CO , -N( 0)(r), -
RRBYTOMNEBE)-, -N(RB)SO2N(R6)-, -N(RE)N(R)-, -C(O)N(RERET/US2006/038174
-OC(O)N((Rp6)-, - C(R6)20-, -C(R6)2-, -C(R6)2S0-, -C(R52S0z-,

-C(R6) (RB)n,2G(R V3 (F -.-C(RB). . )
AR IO g R ) LR S oS ey 5 o s
-C(R6)2NRR 61552 0(R) miztvee -B(ReS 2N RSICRIN{RBYerE0dRRI A prlortpd from
are indepandentivasieaiad AomRRaRP b SRRRISURE, AhRARan] Wb REied
or R2 and R2'taﬁken together with their intervening atoms form a fused,

5-8 memBEEF unsaturated or partially unsaturated ring having 0-3 ring
hetéroatoms Salecteddrdoiithengrdiup ispnsistingayidutrogepprokygeénicanda Ia

sulfur, Wﬂ&fm%pﬁy%ﬂ@@ﬁ*@ ring carbon of said fused ring formed
by R2 and R~ is 15 independently substituted by halo, oxo, -CN, -NO2,

R7, or -V-R6, Shanetieh ceisdintathoies rree et SYSRINSBIONHTY fofATRRPERE of
R2 and fezniga Mflepeptaanibsusedbtitdesidle RevMAd ssaiebigdicaithe
group consisting of -R, -halo, -OR, -C(=0)P, - €02R, -COCOR,
-COCH2COR, -NO2, -CN, -S(O)R, -S(Oag:' R, RSE R, -N(R4)2, - 20 CON(R)2,

L is selected from the group consisting of -0-, -5-, -SO-, f 02-, -N(R6)S02

-SO2N(R7)2, -OC(=0)R, -N(R")COR, -N( Cy6 aliphatic),
N(R4)N(R4)2, -C=NN(R)2, -C=N-OR, #¥(R7NCON(R7)z, -N(R7)
S02N(R7)2, - N(R4)S02R, and -OCR< ﬂ?)z; each R is independently
hydrogen or an optionally substituted groyp selected from the group
consisting of CI-6 aliphatic, Chao afl, aneté?bdﬁryl ring 25 having 5-10
ringbatoms, and a heterocyclyl ring havin@s5-10 ring atoms; each e is

indepenggnily, selegteg ftom Ihe Qolg, CANSIFIAG OhR fd (PR =
-C02(opt|onalcljésubstltuted’ C1.6 aliphatic), -CON(R7)2, and™-S02R7 ;

each R5 is indIpERad fiyeewrscie erermprangrofdeandistidy &n-R, Fagnd b
OR, -C(20)R: KRR, DO RRNER, aBN, cBE)RIaBR2 RetSido, or a C1y
-N(R4)2,.- 30. R)2,:5Q2N(R)2, -OC(O)R, -N(RACOR -N(RACO2
oo aa A S e, RSB O st most
-CEN-OReERPRACORIRIEALNPRA)SO2N(R)2, -N(R4)SO2R, and
-OC(=0O)N(R4)2; V igseipeicry fianphtha grouphgsiRinoieintn 15k, -BOH, Ia,
-S02-, - N(R6)SQ2s, -sQ2N(R6)=, :N(R)-, 2CQ=..-CO2:, -N(R)CO-
o) R melgte A R et LS BB e o = ol (-6
N(R6)CORRE) Jxnpts) SephetRe) - uuierand ) 2ikeofiReykons in length,
-OC(O)MREBed or unbranched), L is —O-, -5-, -C{R)O-, -CO-, C(OINRS-, or -NR"Y-,
20 and R is -R, -N(R%,, or OR. Preferred RY groups include 5-6 membered

heteroaryl or non-arematic heterocyclic rings, such as 2-pyridyl, 3-pyrididyl,
4-pyridyl, pymolidinyl, piperidinyl, morpholinyl, hydroxypiperidinyl, N-(4-
hydroxypiperidin)-yl, O-(4-piperidinyl), piperazinyl, alkylpiperazinyl, or 4-
methylpiperazinyl, N-acetylpiperizinyl, N-alkylcarboxamidpiperizinyl, N-
25  (methylsuifone)piperizinyl, thiophene, furan, tetrahydrofuran,
cyclo[2.2.1]heptenyl; Cy.¢ aliphatic, such as methyl, ethyl, cyclopropyl, isopropyl,
or t-butyl; alkoxyalkylamino such as methoxyethylamino; alkoxyalkyl such as
methoxymethyl or methoxyethyl; amino, alkyl- or dialkylamino such as
ethylamino or dimethylamino; alkyl- or dialkylaminoalkoxy such as

30  dimethylaminopropyloxy,  acetamido; alkoxycarbonyl; alkyl- and
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C(R6)20-, -C(R)g&¢, -C(R62S0-, -C(R6)2S02-, -C(R6)2502N(R6)-,
5 R6)-,, -GR)2N(R6)C(O)-, -C(R6)2N(R6)C(0)&#-C(RG)= o,
‘g Ra)z;@g%;g- C(R6)2N(R6)N(R6)-, -C(R6)2N(Ra)sozN(Rﬁ)?%W@mm”
-C(R6)2N(R)CON(R®6)-; 5 W is selected from the group consisting of
-C(R6)2ls xRz @hong RE) 2B HE (RBRSEP pheBfRIZHEQR MHRE) or halo-
-C(R6) - 2 ICRe uim 1 G(RO O e6)- a
ey SR e Shoind R il MU M S R S e o,
-c:(R6)21%%%%@@}%&%%@9@@2%\&%&@6&@%(ﬁéﬁ)@mmswﬁsiws
and -C@d(R6 i Bcatathbbris iRdenenagnttynel act addromih e:Gidling atom
con§istin e% E%?é%ga d%j% an opiii)?nialrl%sub tituted Cho aliphatic group,

or two groups on the s me. i roageon atem rﬁcay B taken together with
the nitrogen afonind Rormay 6 talrraninssfest e torocy diydedrinatatoaryiovidng a

each Réisyosiepapdontiv, selasted o, the, arowp cARalsiAg AL BYE006N a.
15 and g\ C1l ah%] tic grou , or two R6' on the same carbon atom are
to 3

taken together o 1orRT A74% A ABE I (B BEREIE Mg batehepsBoqycio ring,
indepervdesntip salbfiteed frognstbpsigralipseoniiistiaofedydnogenrred @kd are also
aliphatie,gheidpedalagemcartionally sybgtituted;am! ’tgngy%%), n?&!laya ydrofuran,

substituted heteroaryl, or two R6". on adjacent carbon atoms are takéen
togethel"ES 263 8o daralidies rad msesRliting: nEesoRseRRlied in the
one of thdlRE1gafoomliakentpgetderhmthg supatitiebnt@ating: CoteyioiMring
a fused QIgyelibRAIRPEHIE T HEIGIRCYP G HINA RIAARCN R IS
independently selected from the group consisting of hydrogen and an
optionally substituted C 1-6 aliphatic group, or two R7 on the same

nittégen 25 are taken together with the nitrogen to form a 5-8 membered
heterocyclyl or heteroaryl ring. In one embodiment, the present invention
provides a compound of formula la or a pharmaceutically acceptable
derivative or prodrug thereof, RZ R2 JNH HN N Rx N RY N~Qa.Rt
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30 la 33 WO 20041041358 PCTIUS2006/038174 wheygin R2, RZ', R’,
R¥YoanehBs1issie®ed as in formula 1; Qa is cis or trarf@®*CR6'HeRATs8bG038174
mixture thereof; and each R6. is independently selected from hydrogen,

CEPig od¥tig thereof, R2 R2.

HN N R'N R NA le 10 1b Where R2, ", R", It, and RY's wfined as
in formula I, an '
formula 1, la, Ib, I Ha and Jib inclu ehy rogen, alkyl, afninonitro, alkyl-
or dialkylamiRb, acfé lngtoraQ tic group Qﬂ@thyl ethyl
cyclopropyl, or isopropyl, and most 15 prePerany hydrogen Sand%mito.
Preferred RY groups e compounds of formula 1, Ia, Ib, II, lla, and Ir
include -T-R3 or -L- %erein T is a valenge

carbons in length, br
length, branched or ynbr
or N(R4)-, 20 andiiR3 IR, -
5-6 membereq heteroaryl or non- aror,;gatlc eter'écycllc rings, suchtas N
2-pyridyl, 3-pyri |d37I‘N4 pyridyl, pyrroli iperidinyl, morpR&lin
hydroxypiperidimyl, MA(4- hydroxypiperidi )yI (4 plperldlnyl)
piperazinyl, §f'kylpli’ﬂera(mfryﬂl1 or 4- methyIpi éra iN-acety %ﬂk

N- alkylcarbﬁ(%mdplpenzmyl N 25 (methylsulfone)piperizinyl, thiophené&? &'

furan, tetrah

N\
N / /MN

NH
T — NH
Xy,
NH NH
2 HN N
HN N/ HN Ny R
Y S i /J\
g ,/’\ l /)\ RY N/ Q—p!
R Qc____R1 R)‘ N Q:__R1
>< Y Yo
N.
= and -
NH

Xy, S NH

.
o FIN N HN N/
RX
Sy Ny
RY ! N//,k ! -«/‘k
3 1 v
aR R N" gt

Preferred substituents on the R¥/R® fused rings include one or more of the
following: -halo, -N(R%), -Cy5 alkyl, -Ci.3 haloalkyl, -NOj, -O(Cis alkyl), -
COy(Cy3 alkyl), -CN, -S0x(Cy3 alkyl), -SO,NH,, -OC(O)NHy, -NHRS0,(C13

36



cyclo[2.2.1]heptenyk;-Ci.b aliphatic, such as methyl, ethyl,.eyclopropyl,
iso§r200;8)(lds_\g % % ;.alkoxyalkylamino such as methoggthylamino;

KO Al ETch as methoxymethyl or methoxyethyl; amino, alk§E gF2006/038174
.. dialkylaming such as ethylamino or dimethylamino; alkyl- or

dialkylaginoalayg IR NIZRIPL XY; tapide:,
alkoxyca ]E)?Qr? l; aIkgfll-)@g]lc{;illl 3%9 V%%%lSSBe%g?ﬁgggb%%%%ﬁ?%c s
diaIkylaﬁiﬁ%c}éfﬁ%%yﬁegwgpﬂﬁtﬁgﬂy substituted phenyl such as phenyl or
halo- substitutBthqhide pyEoiarhigeysitro genctbeyblicandiarial tiegfwpdiasade
form, a ceuti c r t ry,salt. Thi
vepion et e RO T B AR e gt
hetetroafdfSrkRy (BRRAPS W eRomer@s dirlnaacabamblcasmaeibyl,
attachmetifldtihediklyRa’ niasibRtakendagetnacigionma-hused ingathus (-
providingLa bieyclic rin em cont ir&i apyr je ring. Preferre

fused rir%% ﬁg%{g%g%%%z\?%}?ﬁ g,spfi?rfmld , g%%ll@“h%gsué B S methyl,
6-memIFPERBoGRIG risgPrepibramerdid thhubd rieksieoeptibnalignyl, COH,
substitutsnh(Fysed SHpeMberetiings are Isockdenyiaioned B IeNR 1,
but are mi lo, te rofuran, tetrahydrothiofuran

im %%zo%ﬁ@éﬁﬁ%gﬁdine. E‘f‘%%éezg%@ém plif%%%ﬂ%hg{%ﬁg\%???&(c&h’
formula $edbMpHrdsha iRy HEF e H5teoon NN BirsSidioCity ST H,Ph,
but alsocppixda-RpIROLINds obiermyla la apgipird f3hpw! Vﬁ%NH&n -CsHy),

2007/041358. - 152006/038174 gPQH HN N~ H Rx HN N HN N RX
Rx Ry %%2%91%%8% 2r1 R N QRY %‘bcﬁ(ﬁfﬁmw HN BHT )2

Rx HN KO(3-methoxymethylpyrrolidin-1-yl), CONH{3-tolyl), CONH({4-tolyl),

15 CONHCH;, CO(meorpholin-1-yl}, CO(4-methylpiperazin-1-yl),
CONHCH;CH,;OH, CONH,, and CO(piperidin-1-yI). A preferred R group is
hydrogen.

When Ring D of formula I, Ia, or Tb is monocyclic, preferred Ring D

groups include optionally substituted phenyl, pyridyl, pyridazinyl, pyrimidinyl,
20 and pyrazinyl.

When Ring D of formula I, Ia, or Ib is bicyclic, preferred optionally
substituted bicyclic Ring D groups include naphthyl, tetrahydronaphthyl, indanyl,
benzimidazolyl, quinolinyl, indolyi, isoindolyl, indolinyl, benzo[b]furyl,
benzofb]thiophenyl, indazolyl, benzothiazolyl, cinnolinyl, phthalazinyl,

25  guinazolinyl, quinoxazolinyl, 1,8-naphthyridinyl and isoquinolinyl,

On Ring D of formula [, Ia, or Ib, preferred T-R® or V-Z—R?’ substituents
include -halo, -CN, -NO, -N(R"),, optionally substituted Cy.4 aliphatic group, -
OR, -C(O)R, -CO;R, -CONH(RY, -NRYHCOR, -NRYCO;R, -SONRY,, -
NRHSO:R, -NROCOCH, NRY, -NEROCOCH.CH;N(RY,, and -

30 NR)HCOCHCH,CH, N(R% wherein R is selected from hydrogen, Cig
aliphatic, phenyl, a 5-6 membered heteroaryl ring, or a 5-6 membered heterocyclic
ring. More preferred R® substituents include -Cl, -Br, -F, -CN, -CF;, -COOH, -
CONHMe, -CONHEL, -NH,, -NHA¢, -NHSO,Me, -NHSO,Et, -NHSO;,(n-propyl),
-NHSO:(isopropyl), -NHCOEt, -NHCOCH,NHCH,, -NHCOCH,N(CO,
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NINRHNNNRx111 NRyNA' Yx N~-R a174
l\%&‘%%ﬁ%and NH HN N HN FNH NRx N Rx Il Ry N Q,-R' W/‘r@zx"ﬁ/‘“" t
Q'-R' Preferred substituents on the R2/R2' fused rings include one or more

of the faHBwWT;s, - halo»Nm(]@(aH)g\]fmﬁ alkyl, 2eHog g(};lZNN\%é 3, .

O MR O el iy,

PCT/USW@%&WP&MW4=WC(O»mmawll)lzeﬁ@mhh%@nd -NHCO-
-CO(C1E:alohombeseipiig. (3 1l e Mg prﬁi?('@&'yai“ th?

the Ryr rin ste smonocycllc ferred R2 groups

hydrogen ?‘E@? 89( A P@’SQES ﬂ*@wﬂl@ SuCh as -OMe,
hydVOXyQky"’hg‘al‘k@’éybh@mmneﬁﬁﬁbﬂﬁy@fﬁ?ﬁﬁsﬂﬁmpyl or t-butyl, and —CO,
dlalkylaqmggggmgyl aminoalkyl, alkylaminoalkyl, dialkylaminoalkyl,

NRx RxN Ry N~RyIN-'Q, RtRy|N~Q,eR~ OyONg' NH NH Rx

phenylamInOC%EgP ny d g)ncxjmlél-l compounds have one, two, three, four, five, or ail of
the features selected from the group consisting of:
10 (a) R* is hydrogen, niiro, amino, alkyl- or dialkylamino, acetamido, or
a Cy.4 aliphatic group; o
()  RYis-T-R® or -L-Z-R®, wherein T is a valence bond of —(CR%),)-
and R® is -R, NERY,, ~OR, or -CO,R;
(c) R!is -T-(Ring D), wherein T is a valence bond or ——{C(Rﬁ')z)- ;
15 (d)  Ring D is an optionally substituted 5-7 membered monocyclic or
an 8-10 membered bicyclic aryl or heteroary! ring;
(&  R’is -R or -T-W-R® and R? is hydrogen, or R* and R? are taken
. together to form an optionally substituted benzo ring; and
& each R® is independently hydrogen, a C)4 aliphatic group, halogen,
20 optionally substituted aryl, or optionally substituted heteroaryl,
More preferred formula I compounds have one, two, three, four, five, six
or all of the features selected from the group consisting of: :
(8 R is-T-R® or -L-Z-R? wherein T is a valence bond or ((C(R%),)-
and R’ is -R, -OR, -N(R*); or -CO;R, wherein R is hydrogen, C,.5 aliphatic, 5-6
25  membered heterocyclyl, 6-membered a1;yl, or 5-6 membered heteroaryl;
® R'is -T-(Ring D), wherein T is a valence bond or —(C(Rﬁ‘)z)-;
(©) Ring D is an optionally substituted 5-6 membered monocyclic or
an 8-10 membered bicyclic ary! or heteroaryl ring;
(d RPis-RandR%is hydrogen, wherein -R is independently hydro gen
30 or an optionally substituted group selected from the group consisting of Cyg4
aliphatic, Ce.16 aryl, a hetercary! ring having 5-10 ring atoms, and a heterocyclyl
ring having 5-10 ring atoms;
)  Lis-O-,-S-, -NR"-, or ~C(O)N(RY-;
) Qs trans -CR"=CR®- or —=— and
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heterocyclyl)car, yI Examples of such preferred Rgﬁrstrtuents include

mvetiyo7oycispr®®1, ethyl, isopropyl, propyl, t-butyl pentyb AN he/038174
CO02H, CO2CH3, CH20H, CH20CH3, CH2CH2CH20H,

. ~CH~2€H~2€H2%CH3 10 CI6-|2CH2CH20CH2Ph CH2CH2CHZNH?2,
CH2CH2CH2KBH COBb(& Hyandershgenti doyeragen austhwic bibeger: optionally

CONHGHREHZOEH3: AR EOMEsslohexy]). CONED2
CON(CH3)CH2Ph, CONH -C H7), % (FPCHZC 2CH3,
CONHCH2C ijplgﬁ‘e@fs n 5 ormula | have one, two, three, four

CO(3- wfem@xmefﬁwmmm@w f@@meg%aqjybnmmm tolyl), 15

CONHCH3, Gg(mogghgling LCQdametbylpip 1
CONHCH2CRION, CONED St coé(‘%%er%{f!#l%ﬁg pr}ééf%ﬁrggyl Fsopropyl.

group |§“H§ﬂr6’ﬂeeﬁhw’§?ﬁ6‘ 29T $5EtBmifPis monocyclic,
preferred RingtD grﬁﬁmsirrmttﬁibfmﬂaﬁﬁrmﬂﬂ)l&slﬁ&ﬂt@d phesydinyigiferidinyl,

pyridazigyl pyimidind:. 2009 ZE «t ﬁgﬁg{?‘}%&?tf&@w 1bd3alln,

Ib is bicyclic, preferred optionally Substi grou S

include FEBAHL teliairias tk@/ﬁﬁﬂ’éﬁ?ﬁ}lﬂzw&hzmﬁ@aboWh)&urﬁmiﬁyrowl
Igldﬂlyl ﬁm@ﬂyhmd@“ﬂb}ﬁﬁﬁiﬂﬂﬂﬂ}ﬂk@@@ﬂ@ﬂﬂfkﬂﬂpQ@@Yil@ﬂaﬁﬁbylau;yl,
enzot azinyl. .25 auinazaolinyl, quingxazglin

1,8- na&%&&%%%gﬁ%égpufgnhg 12(1 Pr m%y[ﬁ form a‘?“’(s %b)&methyi
preferre@@lﬁw‘@@m&%rtuenm include -halo, CN -NO2, -N(R)2,
optionally subgtjtutedl'Gd-6-qlphaby, m @&vﬁéﬁa}%on@mn Disa5-6
Foa e o RN e T A
N(ﬁe)ceemeﬂmzsweﬁsfze%ﬁe%mﬂms%re@éa fréon, hwrb@;en oftickally
aliphatisuipkieiyd, ThH;Camemberadhetepraniaing, orcRREISMbeYcoR, -
ora, SBOR ONR T bs““i?ﬁ?&ﬁ#i&%é%@ "
-NHSOZEEKW%@GHME@WR MHS02(isopropyl), -NHCOEt,

-NHcocH2N@pH3szm%am@@%n&¥ex\@&9&éM%§ hatic;
/uszooel 8174tBu C% GOCH2N(CH3)2i - NHCOCH%CHQ
(C

H3)2, - N OCgl 2P NHCO (cy&propyl),
-NHCO(rsobu@I) Nﬁbﬁ@ﬁﬂ@n@@mﬂmwg@, methyl, chloro, or flucro.
-NHCOCH20&%@%@@9&%&}@%&%0@&&%@#&%&%%@%@ &%) ree,

N HCO? (.u' bﬁl\%l)dr :hll .(i‘CI4 rzlgst Is% escltjedh from the group consisting of:

(a)  R¥ishydrogen or amino;

25 (b) R’ is selected from 2-pyridyl, 4-pyridyl, pymolidinyl, piperidinyl,
morpholinyl, hydroxypiperidinyl, N-(4-hydroxypiperidin)-yl, O-(4-piperidinyl),
piperazinyl, alkylpiperazinyl, 4-alkylpiperazinyl, alkoxyalkylamino, alkoxyalkyl,
alkyl- or dialkylamino, alkyl- or dialkylaminoalkoxy, optionally substituted
phenyl, -COzR, and —-C(O)NHZR;

30 (¢ R'is T-(Ring D}, wherein T is a valence bond and Ring D is a 5-6
membered aryl or heteroaryl ring, wherein Ring D is optionally substituted with
one to two groups selected from -halogen, -CN, ~CFs;, -NG;, NERY: , optionally
substituted Cpg aliphatic group, -OR, -CO,R, -CONH®RY, -NRYCOR, -
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5 NHMe, -N(C1.4 aIEp.hatic)Z such as -NMe2, OH, -O(C14 aliphatic) such

-OMe, Ci-4 . atic such as methyl, ethyl, cyclopM Jisopropyl, or
{%%%%/4\’4%%4&3%02 (C14 aliphatic). Preferred formula | compouﬁ%&ﬁﬁé@g%ms”‘

oney.iwo,-thyee,faur-five; or all of the features selected from the group

consistitgfoiSAR(a) RxMRYaRsFEN R, amidRACDCH;CEBNEIRINO, and

acetami,&qﬂcg@%@gg@ﬁ tergroup; (b) RY is -T-R3 or -L-Z-R3, wherein
T is a valence hond or -(C(R )2)- and R3 is -R, -N(R)2, -OR, or -CO2R;

() R'is -T-(RiffY} D), RvibPEfiors’ & oAnbatadsd ve erpbyiteyd Crelaighytio, and
Ring D s iarGptHnaliif-subsied-5-7 membered monocyclic or an 8-10

membered bicyclic aryl or hetergarylking; (e) R2 is -R or -T-W-R6 and R2'
is h?/jdrogen, g% i‘ez gtr?c/st?'fgrgf %kﬁéﬁté_g% er to form an optionally
substituted bef¥o ringtchRd (f)iaderientis indwgendefitgriydrogen, a Ci.4
aliphatic groupréietagenmah opienalyrsusiiuiatband, ArORIR0MY:: five, or
substitutﬁd f%te{"%{%"- Mor ﬁefeﬁd formula | Qomp_ounds have one,

two, thrée, four, five, aic of éj? ST S e Esh28EH from the group
consisting of: (&) Ry %8 iThRBogen | nifrd? Bwing retleylT d8 dialalpncad)andaatidoe, or
-(GE®)2); @{l@a%&%ﬁ%ﬁ@;& -N(R'52 or -CO2R, wherein R is hydrogen,

Cl-6 aliphatic,fg)-rG 25,membered heterocyclyl, 6-membered aryl, or 5-6 .
membered hetBtoaryt: [b) RELITLRiftg BheiieleinarvaeacodererbdhtRoh)-
-(C(R6-4BREIRAgMRY an@ptionaly,Reibstituted 5-6 membered

monocyclic organ 8-40; igyclic aryl or heterparyl ring; (d) R2 is
-R andye is hygjc?oge-r%_\}vgﬁggﬁng-%%éq%%%ﬁ%e% ently %“ﬁér%’élgr? r§gc (érgﬁﬁ :
optionally sub&Hute&Gfoth Belettb TRk Hroapyebnsistitg o € rembered
aliphatibj«@6it ersyk lvtheteyoang: ring having 5-10 ring atoms, and a

helocr 168 MU 08 YR )4 el S g
PCTfU%%&éi%%?@&ﬂlﬁsuﬁmﬁbmmmogen, methyl,
halogen, optidfially ewhstftusaskapyhdennpiianaibnsa bstitmes fefeseamiogen,
optionally substituted aryl, or optionally substituted heteroaryl.
20 More preferred formula formula la or Ib compounds have one, two, three,
four, five, or all of the features selected from the group consisting oft
(a) RY is “T-R? or -L-Z-R* wherein T is a valence bond or —(C(R("}z}
and R’ is -R, -OR, -N(R*); or -CO,R, wherein R is hydrogen, Cy aliphatic, 5-6
membered heterocyclyl, 6-membered aryl, or 5-6 membered heteroaryl;
25 ® Rlis ~T-(Ring D), wherein T is a valence bond or —(C(R")y)-;
(c) Ring D is a 5-6 membered monocyclic or an 8-10 membered
bicyclic aryl or heteroaryl ring;
(d) R?is -R and R? is hydrogen, wherein -R is independently hydrogen
or an optionally substituted group selected from the group consisting of Cy
30  aliphatic, Cgyo aryl, a heteroaryl ring having 5-10 ring atoms, and a heterocyclyl
ring having 5-10 ring atoms;
{¢)  Lis-0-,-S-, NR?-, or -C(O)NR®)-; and
(f) each RY" is independently hydrogen, methyl, halogen, optionally
substituted aryl, or optionally substituted heteroaryl,
40



Even more pref ~compounds of formula | have orr-hﬁ]/o three, four,

fixey oalQhib tures selected from the group co g of Al B¥dSe38174
hydrogen, methyl, ethyl, propyl, cyclopropyl, isopropyl, amino,
dimethylami )(l)ﬁmethylamlno nitro, or acetamido; (bf R'is selected from

2-pyridyl, 4-pyHEH R Srdime B?BE%‘?HWI" H‘%P&‘HBI APE Ib have one, two, three,
hydroxyﬂimeﬂdmdfme(&dwd{@wamm&m)hylg@u@cm@ﬁ@w)

piperazinyl, alkwpip azin aIkyI el zm meth I eth cl Pro
10 isopropyl, E utyleiglko ¥)?)(ﬁ}< arhl%}lko‘gl oxy§1k>ﬂro %m% g 6py1

alkyl- or28idIR s Bwynﬁ%&amﬁmném@namm@ntuted phenyl
methoxymethyt) -CQ2R; @I@t@(@&hﬁ(ﬂ%ﬂd}(ﬁ)ﬂ)‘ﬁdﬂ W:Qﬁywlﬂ &iBinyt,

Tisa valen d Rin ered a heteroaryl ring,
Wherelnnwﬁogolg gq or% } lﬁbdgfﬁitse}g % ERENee] Eﬁg?ipe”dmyn’
seIecte@@Wﬂi&Joal@)ﬂ@w@mﬁNG@Wﬁ%}@zﬁwﬁ)tl@mﬁy&uﬁgﬂtut@w@k@yi

aliphatiG @ e ANHE 21N R RGO, , alkyl-
-N(R)CO 044 R62 ‘%%X?OOOHZ H2N(R)2 and NR)COC CH2CH2

N(R6)2; A Bl ARTRRRDY bttt phat mesnprERsy
201@) Qﬁ?é)m&risldeﬁ@ B8; or = ; and (f) each R6" is independently

hydrogen, meigayl, chiotg. ppflgie, \E’%Jéﬁvlﬁ%fvﬁé b egfge d Ring D is 2 5-6

compounds of formula | have one, two, three, four

featured SIREIEN I Ar RITRHIb T SSGFPR AR RPAGRHy BrbBituted with
amino; 25¢(1% Rydgeelectetdrantranpytiahl, ¢FyHOM, NORIIAINY), , optionally

A S L S S e A dﬁe%&egaﬁg'd'ﬂ?dl)coa i

O 4-piperidinyl) plperazmyl a egazmy ylpiper .
yalfati alkox%&))isog)é? @’haalkylamdcélﬁ%@ﬁﬁ@ )2, and

dlalkylamﬁ(ib%slm&ﬁ;ﬁmmﬁﬁmﬁég@stltuted phenyl, -COZR and

-C(O)NHZR; 3@(c) Rki D) 88 va nd.and Ring

Dis a5-6 msér% eré% a'ﬁf &%él%tgrrc?ary rlrglb{%w Ieur%s'l'ﬁ %@456138?1%1}911&

substituted wiff) oneeféhtéo‘@i‘é@?@@@@@&édw m@gbﬁhl@bd or@EG0.

-NO2, N(RO)@ammm@&yoﬁ@baamdﬁp&@hphaMﬁwmo%ha%ﬁi "two,

- - / /
et WD Rnlers e eeidhessirans o

(2) R* is hydrogen or amino;

() R is selected from 2-pyridyl, 4-pyridyl, pymolidinyl, piperidinyl,
morpholinyl, hydroxypiperidinyl, N-(4-hydroxypiperidin)-yl, O-(4-piperidinyl),
piperazinyl, alkylpiperazinyl, 4-alkylpiperazinyl, alkoxyalkylamino, alkoxyalkyl,

25  alkyl- or dialkylamino, alkyl- or dialkylaminoalkoxy, optionally substituted
phenyl, ~CO;R, and ~C(O)NHZR;

(¢)  R'is T{Ring D), wherein T is a valence bond and RingDisa 5-6
membered aryl ot heteroaryl ring, wherein Ring D is optionally substituted with
one G two groups selected from -halogen, -CN, -CF;, -NO;, -N(R*); , optionally

30  substitited Ci¢ aliphatic group, -OR, -COR, -CONH(RY, -NRYCOR, -
NRHSO:R, NERYCOCHN(R®),, -N(R*COCH,CH,N(R%),, and
N(R*COCH;CH,CH, N(R®);;

(d)  R*is hydrogen or a substituted or unsubstituted Cy.¢ aliphatic, and

L i8-O-, -8~, -NH- or ~C(OYNH-; and
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-N(R)O00H2CH2 Héz N(R6)2; (d) R2 is hydrogen or as%slituted or

n I liphatic, and L is -0-, -S-, -NH- 0 O)NH-; 5 (e) Qis
mg@égéI?SSc%a and (f) each R6' is independently hydféger? SF#(%P%?MSM
- Preferred formula Is or Ib cﬁqr_npounds have one, two, three, four, five, or
all of the featuréd seleitled Trisimdersagiently Eydrogstirgy fifiofe) R% is
hydrogen, nitranaggiacs adkylz ial ' getamido, or. 10 a C14
aliphatic roup;lga%RY IS -T-%%%%@Lﬁé?%gg%igem Télgs %r%g%ﬁc%oglgﬂ“ %Sr of
-(C(Rb,) " Aha'RY APRRER s leeiaRi Ry aidyerer Rrot oy RibeTof;
wherein T is a valence bond or -(C(R6)2)- ; (d) Ring D is a 5-7 membered
monocyclic or an 8-10 membered 15 bicyclic 3@5' or heteroaryl ring; (e)
R2is -R or -T-W-R6 and R2' is hydrogen, oL B2 and e are taken together
to form an optionally substituted benzo ring, andi(f) each R6,, is
independently hydrogen, a C1.4 alipk;(a itNgrolip, halogen, optionally
substituted aryl, or optionally substitl eroaryl. 20 More preferred
formula formula la or Ib compounds eahe,| two, three, four, five, or all
of the features selected from the grcﬁjp c‘%ns@ﬁﬁg of (&) RY is -T-R3 or
-L-Z-R3 wherein T is a valence bond or -(8(R6t)2)- and R3 is -R, -OR,
-N(R4)2vdier€82R, wherein R is hydrogen, CI-6 aliphatic, 5-6 membered

heterocyclyl, red aryl, or 5-6 m ered heteroaryl; 25 (b) R1 is
-T-(Ring D), vs_ggr%eri%%%?éeg’vé e%éénﬁghg@ﬁﬁf(%\ﬁg‘%eﬁ’(’&‘} RGBS g5ade
membeB@RAUMSPElic or an 8-10 membered bicyclic aryl or heteroaryl

ringo (d) R2 is &R and RgjadyydragenayhersibiHsindspaRdenty mormnotiny
hydroge oran ?ptyg_nﬁl}lxl slubstilufled oup selected from the group ’
consisti#&’ of %T:_B G liphBEE“ 8810 6%%?%&1 TarsARy| ﬁﬁﬁﬂﬁﬁﬁb sedgyl- or
ring atoRislkykipmneiyboyctitanhwalloxs, bpting Iatansiie) plsnd; -COR,
-S- “N(BA)- QORI (Rhkichin i€t i fen S E0CRGRARALY MYdroden. g

methyl,g lo en, (l)pt'onally sgjbstituted aryl, or optionall s_ubs,tituted‘m
heteroarﬁ,ﬁﬂ%yc yi, phenyl,"or 5-6 membered” heteroaryl and Z is a C;-Cy alkylidene
15 chainy
Q'is ~CR=CR®"- or —==— wherein, the ~CR"'=CR"— may be a cis or

. . trans double bond; and each R% is independently hydrogen, methyl, halogen,
optionally substituted aryl, or optionally substituted heteroaryl; and
R'is phenyl optionally substituted with one to two groups selected from
20 the group consisting of -halogen, -CN, -CF3, -NO,, -N(RY), , optionally substituted
Ci aliphatic group, -OR, -CO;R, -CONH(RY), -NR*COR, -NR*SO:R, -
NRHCOCHNR®,, -NERHCOCHCHNR®);, and -N®RHCOCH,CH,CH,
N(Rﬁ)z wherein R, R, and RS are defined as in formula I.
In some embodiments, the invention provides compounds of formula I or

25 I wherein Q' is trans —CH=CH-. In other embodiments, Qis —==

In other embodiments of the compounds of formula [ or II, R* is hydrogen.
In still other embodiments, RY is selected from 2-pyridyl, 4-pyridyl,
pyrrolidinyl, piperidinyl, morpholinyl, hydroxypiperidinyl, N-(4~
hydroxypiperidin}-yl, O-(4-piperidinyl), piperazinyl, alkylpiperazinyl, 4-
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\We 2007/04136”CTIUSZOO6/038174 Even more ‘f?rred compounds
of doimdasisor @ nave one, two, three, four, or all of eatuRsHRAleRIS6hs 174
from the group consisting of. (a) Rx is hydrogen, methyl, ethyl, propyl,
cyclopro 5 Isopropyl, aming, dimethylamino, methylamino, nitro, or
acetamfdd); %Rﬂfﬁ?ﬁs@@éﬁ@ﬂlﬁ%ﬁpﬁmwréw&yﬁf@%ﬂ@lm@n, alkyl- or
O (a-piperidgl FIDereing Sbar ) & Al Nr
-(4-piperidi iperazi piperazinyl, 4-alkylpiperazinyl, methyl,
ethyl, cycloppdﬂfjﬁﬁ%és)gf)}%g @fﬁé{‘%u%ﬂ%%k%@gi‘w o) B&I%%WIW R’
or dialkiA4riby iegragrdialkylaminoalkkoxy, acetamido, optionally

substituted phianyeeEBeRBRI is gd%ﬁeﬁ&ﬁyﬁ(ﬂ)mﬁ%ﬁédﬁﬁ?eﬁk R

is -T-(Rin wherein T is a valence bond and Ring D is a 5-
membelrse%'g%%yégr‘%&é%%%ﬂ%ﬂr g Qﬂf SPREEIYID is optionally substituted
with one to tWo epoepbodatestethdromeh dlosfiled, pohdeNORpo R formula
optionally ulisilbiied Gl AlIbANA B ARARmEQNHRA)
-N(R4)COR, 15 N(R4)SO2R, -N(R4)COCH2N R%)z,
N(R4)COCHZCHZN(R®6)2, and -N(R4)000H2CH2CH2 N(R)2; (d) R2 is
hydrogen or a substituted or unsubstituted Efl ialiphatic; and (e) each

R6" is independently hydrogen, methyk D, or fluoro. Particularly more
preferred compounds of formula la ve one, two, 20 three, four, or

all of the features selected from the g bug;gonsisting of: (a) Rxis

hydrogen or amino; (b) Ry is select®d fidm BYytidyl, 4-pyridyl, pyrrolidinyl,
pigéridinyl, morpholinyl, hydroxypiperiditigl, N-(4-hydroxypiperidin)-yl,
O-(4-pipgrdinyhz piperagingl, ' inyl, 4-alkylpiperaziayl, .
alkoxya%%gﬁir%f %k’o%%%l %%%?I%%%é d%lkli!‘g?n%%? aeﬁiyﬁ olré cis or frans
dialkyla“ﬁﬁ‘:o?@%ﬂﬂ’c?p%fi/ ewsefitandaeashdhy is d¥grndently selected from
and-C(®)iohER; e}, sabghiingfahWhareitilids ayialercephondpndstituted
Ring Disa.2; 1?membered aryl or heteroaryl ring, wherein Ring D is
optionally substituted with_one to two groups selected from -halogen, §
-CN, -CF3, -Nosomg erelydimspis of sopmsand phfrret 81, € HRphratR s —
-OR, -CO2R, ECENH{RAiNIRNE O RansN(RE)SOER,,

-N(R4)COCHEN(R6)2, -N(R4)COCH2CH2N(R6)2, an
N(RE)COCHELT BT NS BFFeoh sy s s SOt b
un subsﬂﬁﬂéﬂ@&%%ﬁbﬁ%ﬁb’, agpgptable derivative or prodrug thereof:

CHs

ey zNH
HN” N
RX ! Sy
o
RY N/]\Qb'R1
20 b

wherein RY, R, and R’ are as defined as in formula 1T and QP is —==

In some embodiments, the invention provides compounds of formula I, Ia,

Ib, II, IIa, or ITb wherein R’ is selected from the following group:
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L is -0-, -S-, -NH-or.-C(O)NH-; and 41 WO 2007104 Iirg
gen

P&J#é%&?@&‘ﬁ“ (e) each R6" is independently

another embodiment, the present invention provides compoun&)s 0
formula Il or a pharmaceutically acceptable derivative or prodrug thereof:

CH3 NH HN N Rx RY NQ' I% [l wherein Rxc@“jydrogen nitro,

or fluoro. In
E Usz 06/ 38174

amino, alkyl- or dlalk anlino, acet mi , or a Cl -4 {aliphatic group; 10 RI
is 2-pyridyl, 4-pyri rrolldlnyl d|nyl morpholifyl, piperazinyl,

4- aIkyIIplper yaI Ia in Ikox *ﬁ%ﬂ )gr dialkylamino,
alkyl- or dla m@&lklo Iy33ub d pjenyl, -CO2R, or
-C(O)NHZR, wherein R is F roge C16 aI|p atlc 5-6 membered
heterocyclyl, phﬁnyl or 5-6 membereq,heteroaryl and a isa Cl-C4
alkylidene; CGERE= EHyhereig, the -CREIECRE"-
may be algis.or t ns double ban nd nd¢éach RG ndef mendently
hydrogen, methyl, halogen, optlonally substituted '

aryl, or optionally
substituted hetetoaryl; and R is phenyl optionally substityted with one to

two grou@&rﬁo@éﬁw betisiStglg ofghaldgen, -CN, -CF3,
-NO2, -N , op@ionally sulstifted 5C1.6 aliphatic gr D , -OR, -CO2R,

-CONH(R4) N(R4)COR N( 2)SOZR, - N(R4)000H2MER6)2,

-N(R)00 %@M—IZCHZCHQ N % yyherein R,
R4, and é\ re eflned a nYormula I. Ins em‘m’dlm fits® the

inventio vidés compounsds of formula I Il @herein Q' is trans

-CH=CH-. In otherembodl nts, Q |s—In,9ther bodiments of the
' compound,o r uIaIc@x ro en. I f
Q O & & o

CH,

{HorF)

IR f\» :ZN‘Q
A\IC Ao b

I\ o N X S
= | P | P N
(CHa),0H CHZ0H OCH, OCH,

OCH;
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In still other embgdiments, RY is selected from 2-pyridyl, 4-pyridyl,

pyrrolidinyl, pi yl, morpholinyl, hydroxypiperidin (4~
h%/(](éé%%%ke%é)in)-yl, O-(4-piperidinyl), piperazinyl, aIkylpiperaziﬁglrirlz‘f-szf?ﬁmsrM
WO 2007/041358 PCT/US2006/038174 alkylpiperazinyl,

alkoxyalkylaqingcalkoxyalkyl, alkyl- ordialkydagMpo, afiyl- or
diairylaxy, op 'y substitdted phenyl, -C
and-C(O)NNZRcdpsome“embogimentsT RY is 4-alk azinyl. In other

embodiments RY is 4-methylpiperazinyl. 5 In some embodiments RY is

hydroxypiperidiry‘#}i[p other mbggﬁ;&ggﬁ RI is Nx{4-ieytasypiperidin)-yl
R e

or O-(4-pi nyly. In o odiment, the pre L invention provides
compoun gf formula lla pharmaceutically accegtable derivative or
prodrug thereof: CH3 NH HN N Rx'~N RY NAQ Rt 10 lla wherein R",
RY, and R1.qre gg. gefiped as in formula II; Qa iscis or trans -Ce'=CR6-or
a mixture of; and eac v gﬁhﬁ%ﬁ%nd%d from hydrogen,

methyl, halogéncaptionally tituted aryl, an ' ly substituted

heteroaryl. 15 In some embodiment Qf compound ffoggpllaa lla, Qa is cis
-CR600=CR6&Y.-ChGther e nté),2 aistr R6"=CR6"-. In one
embodimé e present inv provides comp gfformula lla or

a pharmaceutically acceptable derivative or prodrug thereof: CH3 ,NH

piN N R"N @NQbm@CHS CHZCHS CN

{CHp)oCHy ‘ CF
LR > G s ol
o T
® CF,
CHg CN E NHSO,Pr

@,NHsozzPr @\ o NHSOzEt
ﬁ/lk((:1-12)2r\1(<3+~z$)2 '

8]
4©)LEI/(CH2)3N(CH3)2 : NHSO,CHq {),NH;2
Q
N,CHZN(CHg)g P
N J@HLQ’CHZNH(CHS)
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20 lib wherein R, RY; and R1 are as defined as in formula.H and Qb is =

In some embor? ts, the invention provides compo.j 5.0f formula 1, la,
B9 219298HB wherein R' is selected from the following group:PZ??Q“(%OOG’038174
2007/041358 PCT/US2006/038174 HNHN 4yN)\3 -CEXNHN) (r) Oz

0 H\NC H3)2 N CHa N CH CH Q0 (y2 a NyQHZCH3 NH
/CHZCHENSE ) 0 Oy 11 i, IS
"I FF C Ch&T307/ CH3™H | Cl El

(CH2)2CH3 Br _\F
-1-114;/CICIF(H
orF) F/~OHNNANHI(~SNNM (V~u
- H
0 @ N Nf\N
Y
P® ¢ L}

NG HN% YR N

where the line drawn through the side of the substituent indicates that the
substituent can be joined to the linker at any ring atom where there is a hydrogen
available for replacement,
5 In some embodiments of the compounds of formula I, Ia, Ib, II, Oa, or IIb,

R* is hydrogen.

In some embodiments of the compounds of formula I, Ia, Ib, 1T, Tia, or Iib,
RY is 4-methylpiperazinyl.

In some embodiments of the compounds of formula I, [a, Ib, II, Ila, or Iib,

10 R”is N-(4-hydroxypiperidin)-yl or O-(4-piperidinyl).

In other embodiments of the compounds of formula I, Ia, Ib, I, 1a, or IIb,
R} is phenyl.

In still other embodiments, the invention provides the compounds shown

m Table 1, or a pharmaceutically acceptable salt, derivative or prodrug thereof.

15
Table 1
Example Structure Example Structure
Ne. No,

4 I/\N/ 5 N
= i N\ N\/' H!\’E -
N. =
HN = N o
Py NO,
s
H

N-
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OO0/ OCHS (ﬁLOH / CH20H / OCH3 OCH3 44 ¥2007/041358

R mbE086/ 4 OCH3 (.opCHa CO2H CO2CFRPCO2Hpc1/us2006/038174
410CH2000H CH2000CHa / CH3 ryCH2000H 1CHzOOOH / CHa \/
| COOH+HEH2GNIERD2OHOEHI-OEH3+-ECHa-CH2EH3-EN
(CHz)2 Hall CHia ( \3 CF3 NHCf\%\NHgocH al/CN (N
NHSO2Pr ¢\ 1NHS |(CH2)2N(CH ‘N N
(CH2)3N(CHS)3 \ NHSO2CH, 2 0 N,CH2N(CHa)2 H
N,CH2NH(CH3) H 45 WO 200; 041888 PCTNS2006/038174 H o NNz
O N\NJ|H N \(},
HN-p HN-p
8 O 5
P lN\ N @/\IN\ D
N\f\[r\loz jINo2
HN HN
o —

10 (\N/ 11 N
Nj';:NHZ Q¢\WN NH

HN~
) N
HN~g/
Nz
NH, N\%\:NHZ
HN HN
cal =
! Shkh 0
N
7 NH, N\,/INHZ
HN HN
o =
Y/
17 HN-N 18 HN-N
A \
» M " /w\
~ -0 N o ~ -2 N/ =
o} o}
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NCNHH~~N

e

er at any ring atom where there is a hydrogen avallable

N 1NHNW N_where the line

nedrawn through the

uent indicates that the substitue be joined to

Png[ US2006/0638174

replacement. 5.ln.some embaodiments of the compounds of formula I, la,
Ib, IT, fla| orl¥1b] R"is hydr In some embaliments of the HN'N
compounds of farmula |, 13, a or 11bj RY is¥4- methylmgeﬁz?ﬁ?l
In some smbodmentsi th compounds of formula |, la, Hull, or Ib,
10 RY is|N-(4-hydroxypip rid | )- yI or O-(4- plperldlny) In 8th [
embodiments of jthe~c Ot Ia I la, Ib, If, Y RIFS
phenyl. Ip still other emBodiments, t tion promdes tHé compoun
shown i Taple |l ora pharmgcguticatty acc,ptgi)ie saft, derivatyey
prodrug thereof.{15 Table 1 E Structufe Example Structure;@/b\w
No. 4 N5 N. NfNom)//H NNOZ NY4 NH HN Ny,5k NO2 -N HN
HN-N 46 WO 2007/04'¢% @T/USZOO6/03I8174 6f)rp 7 N
NJ~NO2;NJ N NJ N O N ~0 NG F
o] G O
23 HN"N 24 HN"N
% ies Igﬁ““@
25 N«—N 26 HN*P‘{
HN A HNN\
HaN\ Ay
Ho SN
N N o | I
/r 0 - N
(N 0
o
29 r\}ngH 30 N-NH
i
HN 4 Hi 4
s s
Cl N ‘\\_ N7 TN \E‘
N
31 IN)I'L 32 N—NH
|
HN 4 HN /
9 2_Q0
I/\N Nék?\@ (\N N/ —_—
/N\/| /N\)
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HN-N HN-N 8 i -No 9 N\NO N NO2 N NO2 HN AN_N HN N 10 (

Ny 2Bk N(NHZ \ / N NH HN )7, N NH2 HI@HIN- Wﬂé‘ze}%gmslm
/(O13MNH\NN)aiN\N,_J N\NH2 NJNHZ HN HN HN- NHN-N 1

15 N\ N-¢igor-iki NINEZ N H NN NN I8 HIN-N--HIN
HN O2N' I\?HZN 'N ON 47 00710413%8 BJ&T U826/038174 19
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1N RN
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In one embodiment, this invention provides a composition comprising a
compound of formula I, and a pharmaceutically acceptable carrier, In some such
embédimcnts, the composition is for treating or preventing a kinase mediated
disorder.

In another embodiment, this invention relates to a method of treating or

preventing a kinase mediated disease, which method comprises administering to a

‘patient in need of such a treatment a therapeutically effective amount of a

compound of formula I, or a pharmaceutical composition thereof.

In some aspects of the aforementioned methods and compositions, the
disorder is mediated by Aurora A, Anrora B, CDK-2, ERK-2, AKT, Src, Lck,
Abl, cXit, Fi3, or KDR. In other aspects, the disorder is mediated by Aurora A,
8re, ek, Abl, cKit, FIt3, or KDR, ‘

Another aspect of this invention relates to a method of inhibiting Aurora A
activity In a patient, which method comprises administering to the patient a
compound of formula I or a composition comprising said compound.

Another aspect of this invention relates to a method of treating or
preventing a2 GSK-3-mediated disease with a GSK-3 inhibitor, which method
comprises administering to a patient in need of such & treatment a therapeutically
effective amount of a compound of formula I or a phanhaceuﬁcal composition
thereof.

One aspect of this invention relates to 2 method of enhancing glycogen

synthesis and/or lowering blood levels of glucose in a patient in need thereof,
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This method is especially useful for diabetic patients. Another method relates to
inhibiting the production of hyperphosphorylated Tau protein, which is useful in
halting or slowing the progression of Alzheimer's disease. Another method relates
to inhibiting the phosphorylation of beta-catenin, which is useful for treating
schizophrenia.

Another aspect of this invention relates o a method of inhibiting GSX-3
activity in a patient, which method comprises administering to the patient a
compound of formula I, or a composition comprising said compound.

Another aspect of this invention relates 10 a method of treating or
preventing a Src-mediated disease with a Src inhibitor, which method comprises
administering fo a patient in need of such a treatment a therapeutically effective
amount of a compound of formula I or a pharmaceutical composition thereof.

Another aspect of the invention relates to inhibiting Src activity in a
patient, which method comprises administering to the patient a compound of
formula I, or a composition comprising said compound.

Another method relates to inhibiting Aurora A, GSX-3, or Sre activity in a
biological sample, which method comprises contacting the biological sample with
the Aurora A, GSK-3, or Src inhibitor of formmla I, or a phamaceutical
composition thereof, in an amount effective to inhibit Aurora-2, GSK-3, or Sre.

Each of the aforementioned methods directed to the inhibition of Aurora
A, GSK-3, or Src, or the treatment of a disease alleviated thereby, is preferably
carried out with a preferred compound of formula 1, as described sbove.

The present invention also relates to the processes for preparing the
compounds of the invention and to the synthetic intermediates useful in such

process, as described below and in the Exarnples.
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In another aspect of this invention, preferred embodiments of Formula 1-K
can be synthesized as shown in Scheme 1 wherein the variable substituents are as
described above and examples of which are indicated by Table 1 and —Ar is an
optionally substituted aryl or heteroaryl group as defined and examples of which
are indicated by Table 1. Dihydroxypyrimidine 1-A is dissolved in about one to
20 volumes of triflucroacetic acid and treated with about one to five equivalents
of nitric acid at about -20 to 30 °C for about 30 minutes to 24 hours. The resulting
nitropyrimidine 1-B is treated with about one to 20 equivalents of an optionally
substituted aromatic or heteroarematic aldehyde 1-C and about ome to 20
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N-NH 178RRERRRIOL /p REgame Nyase, iNcRraki \iRridinen et ehsibdtrient?0 °C for

this inventiga.pravidgsd&OmpositioRGeMPrisiagias cp pldmyls. A
1,and a phargnaceu ically. acceptable %%rrler. In some suc

embodimeffte RHER6RHosItiS 2 TR BRI &0 eRtiRy selars f phosphorous
mediated oB¢iglordier . aml agtotite rambodivaepguthide iy arftiontegiate sci@amic  base,

methad oftaaling aleRERYARENG: asRase TRtatRd AiseasAmMiE s 24 hours 1o

method comprises adminjstering to a patient in need of such a treatment
a therape&ttafly SHEERERINGE A Bt o HeRlssemamidEmiaR o arsyitable solvent
pharmacessibahgobop ositibmithd reof reb@tniscinesarpacieOf W@ about one to 10

. iti ' 2r is mediated by . .
Rurora S B A PSP LA B e o
KDR. In ofi8FagifetieM it emisenearale d 4 2aabews ato S5c’G &k about 30

Abl, ¢Kit, EltBytes KDOIR. hours to give a aminopyrimidine 1-G. Subsequently, 1-G, in a
suitable solvent such as, but not limited to, tetrahydrofuran is treated with about
one to 10 equivalents of a tertiary organic base such as, but not limited to,
triethylamine and about one to five equivalents of a primary or secondary amine
i1-H at about 0 to 65 °C for about 30 minutes to 24 hours to give a

15  diaminopyrimidine 1-J, A dizminopyrimidines 1-J is dissolved in a suitable
solvent such as, but not limited to, methanol and added to about two to 10
equivalents of a snitable chemical reducing agent such as, but not limited to, tin
(II) chloride or titanium (JII) chloride in dilute hydrochloric acid at about 0 to 65
°C for about 30 minutes to 24 hours fo give a triaminopyrimidine 1-K.

20 In another aspect of this invention, preferred embodiments of Formula 2-F
are prepared as shown in Scheme 2 wherein the variable substituents are as
described above and examples of which indicated by Table 1. A solution of about
one to five equivalents of an aminopyrazole 2-B in a sujtable so]yenf such as, but
not limited to, dioxane, is added to a solution of dichloropyrimidine 2-A and about

25 one to 10 equivalenis of a suitable organic base, preferably 2,6-lutidine, in a
suitable solvent such as, but not limited to, dioxane at from about 0 to 60 °C for
about 15 minutes to 24 hours to give a chloropyrimidine 2-C, A mixture of a
chloropyrimidine 2-C, about one o five equivalents of an inofganic base such as,
but not hmited to, sodium, potassium or cesium carbonate, about one to five

30 equivalents of an optionally substituted cis- or trans-aryl- or heteroaryl-
vinylboronie acid 2-B, about 0.01 to 1 squivalents of a palladium catalyst such as,
but not Iimited to, tewrakis(triphenylphosphine)-palladium in a suitable solvent
such as, but not limited to, toluene or tetrahydrofuran at about 20 to 150 °C for
about 30 minutes to 24 hours provides a vinylpyrimidine 2-E. A solution of a
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Another aspect iS invention relates to a method ofg@hibiting Aurora A
1vaciinpdmsaspatient; which method comprises admi TiNg tedhersiees/038174
patient a compound of formula | or a composition comprising said

compounds# ?&Hﬁﬁ aspestpf this,in n meth d of tre

or prevental‘{ng51 %( 3- mgega%]d%dlsgieﬁ@g% WI ﬂ?&%s%%(% il Btr i jﬁm?ed o,
method cdliTied ﬁl%ﬁﬁgaﬁﬁaope@@emmhe@dtzﬁawclwm}EMnem to 20
a therapeuéthﬁﬂ;a&& eﬁeeﬂ&ma&m@ﬁ&% ngmdb(e& m}ﬁﬁeh% ?mc dust and

pharmaceuytical compgsition ther spect of this invention relates

to ametho% n#’ %anglngqgl’y}:uogﬁ ‘%rﬂﬁ’é%lsoénHWMnﬁhﬂﬂ%ﬁ to give an
levels of glﬂé@@@xﬁ@q@@m@rﬁ in FeedittierpoimBhbVDI20AT /@4 1888r cis or frans
PCHIIS2006a37 4 puhishaneinag caIpses AMDISIEHNG RSP, o

a therapeuhlcalfy {fectl\ge amount of a compound of for

pharmaceUtical 2om Jé RERhETSdE “*ﬁl?ﬁh‘éﬁ%‘ﬂ“@ &xpeersily useful for
diabetic patients. Another method relates to inhibiting the production of
hyperphospfitsiifated Tau protein, which is useful in 5 halting or slowing

the progression of Alzheimer$8 egse. Anoﬁh@é methed] relgigs to —NH

inhibiting the phosp prylaﬂ' beta—caten/lmf}hﬁﬁh Is ugeful for treatln,g'\z’\()—Rz
schizophreniagfnother aspees Bf this invéhtio 5elate§{o aﬂ?nethod gt 1,
inhibiting GSK-3 Ehnméthod. cofrhrises O~y Rer
administering T atenta 1  formuP¥ f=or it

comprising said@opound. Another gspeeteof this invention relatgs ta.a grs*
method of treating or preventing a Src-mediated disease with a Src %
f Zn

inhibitor, which method comprises administering to a patient in need

such a treatment a therapeutically effective amount of a compound o

formula | or a pharmaceutical compgsition thereof. 15 Another aspect of

the invention relates to inhibitindiSt tivity in a patient, which methodf‘é’NH 2
comprises administering to th&f paignt a compounrgef formula |, or an LR
composition comprising & p'ﬁi;md Another fBthod relates;

inhibiting Aurora A, GR . R/Ity in a biewegigal sample, W |c
method comprises contac§ngife i logical sample with 20 the Pé
GSK-3, or Src inhibitor of formula I, or a pharmaceutical composi flon?

thereof, in an amount effective to |nh|b|t Aurora-2, GSK-3, or Ste{R?) NH
2

2+

MegAl

HoN R?
{R")N P

N
10 0 2K RY
In another aspect of this invention, preferred embodiments 2-H are
prepared as shown in Scheme 2 whereby an aminopyrimidine 2-F is treated with
about one to 100 equivalents of an alcohol 2-G alone or in a suitable solvent and

15 about 0.1 to 5 equivalents of titanium(IV) isopropoxide or potassium cyanide at
about 0 to 150 °C for about one to 48 hours.
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Each of the afor tloned methods directed to the infhibition of Aurora
AxaSkrBa bRl he treatment of a disease allevia %here%ﬁ]sm 5/038174
preferably carried out with a preferred compound of formulﬁ I, as

described above. 25 qu resent inventian also relates to the processes

for preparing the go?‘ﬁB ?ﬁ %(‘[i}tf?% ARG Wafsas s enis 2-K are
intermediatespaselas theuchn froesg, ehettsCibadiRGIOMRNE D IR treated with
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N D NN B{OH)z N-NH
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Cl V.4 HN
RX SBR RY RZ
NS R’O ,I\ Pdcat. .0 N&K{‘\ A
O 3. 0 3-c 0 3E R¥
10 In another aspect of this invention, preferred embodiments of Formula 3-E

are prepared as shown in Scheme 3 wherein the variable substituents are as
described above. A solution of ahout one to five equivalents of an aminopyrazole
3-B in a suitable solvent such as, but not limited to, dicxane, is added to a solution
of dichloropyrimidine 3-A and about one to 10 equivalents of a suitable organic
15  base, preferably 2,6-lutidine, in a suitable solvent such as, but not limited to,
dioxane, at from about 0 to 60 °C for about 15 minutes to 24 hours to give a
chloropyrimidine 3-C. A mixture of a chloropyrimidine 3-C, about one to five
equivalents of an inorganic base such as, but not limited to, sodium, potassium or
cesium carbonate, about one to five equivalents of an optionally substituted cis- or
20 trans- aryl- or heteroaryl-vinylboronic acid 3-D, about 0.01 to 1 equivalents of a
palladium catalyst such as, but not Iimited to, tetrakis-(triphenyl-phosphine)-
palladium in a suitable solvent such as, but not limited to, toluene or
tetrahydrofuran, at about 20 to 150 °C for about 30 minutes to 24 hours provides a
vinylpyrimidine 3-E. The vinylpyrimidine 3-E will be either cis or frans
25  depending upon whether the cis or frans isomer, respectively, of the aryl- or

heteroaryl-vinylboronic acid is used in the reaction.
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HNC NH R2 N Rz t-K In another aspect of this inv%ﬂ, preferred

| srmula I-1C 5 can be synthesized a§gghown i
m&%@gg} %riable substituents are as described above and %@aﬁ%@g/&m”
. of which are indicated by Table 1 and -Ar is an optionally substituted aryl
or heteroabgheisub as defined and examples of which are indicated by
Table 1. Dihydroxypyrimidine 1-A is dissolved in about one to, Z%\/olumes
of trifluoroacetic@cid and treated withCibout gneFfrvgequi 10 of

nitric acid afR&bett,;20 td"s6% fof"fxﬁ,@o minutes to 24 hoy Jﬁx\\o
resulting niirgpyrighidipe 1-B is treated yith about one to 20 équivalen f

an optionall§1 sublstittited aromati®or Hete%garomatic aldehyde 1-C and

about one to 20 62 W(r) 20071041358 CT/US2006/038174 a&Guinttntrot

itn organic base, preferably piperidine, at about 20 to 120 C forNdboyit 30
minutes to 24 hours Rg_p,rpvide a vinylpyrimidine 1-D. A yiy Syfimidine

1-D is treated with a to 20 equivalents of phosphorous gZ

oxychloride andx ﬁut to five equivalents of a tertiary oré’gnic base, 5
preferably die }{;neR at about 0 to 200 C forghaut 30 minutes to 24y-Ni1
hours to give,a 'ché{gpy[imidiﬁe\%fe. A dichlg RTIVRIRE in a MRz
suitable s%i\)%ﬁlt stich as, Biit natsimgited tQ, t&hrah l,@gﬁrofurar*ih’@ tregted;with} »

: R R R
about one to 10 equivalents of a tertiary organig base such as, bu
limited to, triethylaming and about ong.eq ' Qf an aminop;g S
1-F at about 0 to 65 about 30 10 minutes to 24 hgurs to give a Ar
aminopyrimidine &n@. " SUbsequenths; 1-G, in a4$litable solvent such s
but not limited @Hﬁrofuran imdkeated with about one to 10
equivalents of a fertiary organic base such as, but not limited to,
triethylamiR&&hd ab%ﬁf‘"dﬁe to five equivalents of a primary or secondary
amine 1-H at about @ to 65 C for about 30 minutes to 24 hours to give a
15 diaminopyrimidine 1-J. A diaminopyrimidines 1-J is dissolved in a
suitable solvent such as, but not limited to, methanol and added to about
two to 10 equivaTeATS BFh ERTSH Hf ST BrRicRg 8 ntehedimenty 4-H are
not linditedptopaind @4 shbnorideS dretitaiwired) ibh leribiblinsalikitednydiecaldgcribed

acid at abgyfd I Pexamples are indicated by Table 1. A thiomethylpyrimidine 4-A in a
suitable solvent such as, but not limited to, dichloromethane is treated with about

two to 10 equivalents of an oxidizing agent such as, but not limited to, 3-
chiorcbenzoylperoxide (mCPBA). at about 0 to 30 °C for about 30 minutes to 24
10 hours to give a sulfonylpyrimidine 4-B. A sulfonylpyrimidine 4-B in a suitable
solvent such as, but not limited to, tetrahydrofuran is treated with about one to
five equivalents of an optionally substituted aryl or heteroaryl-acetylenyl
magnesium halide 4-C at about -50 to 30 “C for about one to 24 hours to give a
propargylpyrimidine 4-I). A propargylpyrimidine 4-D in a suitable solvent such
15  as, but not limited to, dimethylacetamide is treated with about one to two
equivalents of an aminopyrazole 4-E, one to five equivalents of sodium jodide,
and about one to five equivalents of a tertiary organic base such as, but not limited
to, di-isopropylethylamine at about 0 to 140 °C for about one to 24 hours to give a

monochioropyrimidine 4-F. A monochloropyrimidine 4-F in a suitable solvent

66



C for about 30 minutes to 24 hours to give a triaminopyrimidine 1-K. 20 In
another asgsgsct is invention, preferred embodime&. Formula 2-F

Y APEELHEHSS shown in Scheme 2 wherein the variable subshftféH$ee4p&38174

as described above and examples of which indicated by Table 1. A

solution of aishuls, e totfiiteieduiyaliRaige RN @%0lS BB ddvalents of a
suitable solvent such as, but not limited to, dioxane, is added to a solution
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11/ R2 HN H2N N N RRe" (R7)2N N'- Ar 10 0 2-K Re" In another aspect

of this invention, preferred embodiments 2-H are prepar_ed as shown in
Scheme 2 whereby an aminopyrimidine 2-F is treated with about one to

100 equivalents dPdRENBHSFEIG Heipdusrinom. sitiistedsohiedipnos 15D and 5-E

about 0.1 terb poppivedent sshbwHaR UTBEY: S0 RIRROXNI 46O RPAIAS WM ituents are as

cyanide at Qﬁiﬁs t 0 C for about one.to 48 _hours. 64 Aft~ WQ
50071041308 chm%%§%6% Wi hePieloat driresvdmidable 1. A

preferréd ettiioimarmdng 48 prepamutitie shbwr isuStcheme? whemied to,

an aminopyéifsgliBehi i% tRaer eﬁiHW a?é?ﬁ ks tf_%t»«%get%ﬁ%‘f@rl?sns% Qh W tionany
amine 2-J in a suitable solvent such as, but not limited to, ) )

dichloromesth%ﬁg%% "About'8fiE % aébﬁe%mfé?ﬁ?lo’fl@"trfﬁﬁéﬂﬁm wiAdE-A at
at 0 to 30 Gl abbin HhéCioagtonu?s. Soimente 34HdM N/ IgiR2 Nichbrbpyrimidine

Rs,i B(O H)@-m‘m%hﬁ{%ﬁﬁnﬁdﬁig 38 ik N i fR1eHD Rl lsl}ls.c )ésl,\lbgtz n%ﬁh"?n)i(ted to,
(LN 5326’ d:%(e?ﬂlygg'agmli\égl’ igl I?rga?e%t' sghelalbout one to two equivalents of an
aminopyrazole 4-E, about one to five equivalents of sodium iodide and about one

to five equivalents of a tertiary organic base such as, but not limited to, di-
isopropylethylamine at about 20 to 140 °C for about one to 24 hours to give a
monochloropyrimidine 5-C. A monochloropyrimidine 5-C in a suitable solvent

15 such as, but not limited to, dioxane is treated with about one to five equivalents of

a primary or secondary amine 4-G, 0.05 to 1 equivalenis of 4-
dimethylaminopyridine, and about one to five equivalents of a tertiary organic

base such as, but not limited to, di-isopropylethylamine at about 20 to 110 °C far

about one to 72 hours to give either styrylpyrimidine 5-D or 5-E depending upon

20 whether the vinyl magnesium halide 5-A used in the reaction sequence is the

trans- of cis- isomer, respectively.
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0 3-A 0 3-C 0 3-Ea26" 10 In another aspect of this invegii n preferred
epbodimentso ™rmula 3-E are prepared as shown US2006/638174
wherein the variable substituents are as described above. A solution 0

about one to five equivalents of an aminopyrazole 3-B in a suitable

solvent suSbbaxsetbut not limited to, dioxane, is added to a solution of

d|Ch|0r0py”m'd'rﬁ Jf:ARd ARONT GNG, {0 Enge%%h‘{a]iﬁ%%aeﬁ%ﬁﬁlﬁms 6-G are

organic 15 base, preferably 2,6-lutidine, in a suitable solvent such as, but
not limitedRSPAEERE SR fFo?Fihﬁ’é‘Sét‘l’)hﬁeﬁbt@ FEFARIS FHATHARIG RS 8 %etfmbed
hours to gisee: ﬁfd’@i@m}biﬂmdﬁlﬂ&a}@m&zﬂmmﬁ&ﬂﬁa&b&ﬁfwﬂm iflinecR-Celected

about pne to flvees o%‘@!%‘%ﬁ a?rh'b Eoiggnnl: base such as, but not limited
to, sodium, pgf ssium or cesium carbonate, about one to five equivalents

of an optionally subgfifuteghgigsor 20 tra - aryl- or heteroaryl-vingdoronic
acid 3-1D, ag\ro.lcfﬁ‘ﬁ')l to | egtrealen Wlumly?%ﬁshbut
not limited to, tetrakis-(triphenyl- p‘h‘osphlne) palladium in asuit 2
solvent such ags#ut not limited to, toluegg or tetrahydgnrotgr{ran a aba4c20
to 150 C for about 30 minutes to 24 hours provides a vrn&fﬁ]yrujédine 3-E.
The vinylpyrimidine 3E will be either cis or trans 25 dependln(g; pon

whether the cig.gr trans isomer, respectively, é)éthe ar I
heteroaryl- vmylborélchamd isctRa6HN t

ctlon N041858
PCT/US20561Q ,&hé{n“ﬁ'tr CiCl Rx N x mCPBA
RXN40CN CINSEI NEDMD KA HNN ARZ NRIH

/-R2 HN 4-B¢ PrNH2 vt PoNED
P
ok HN
2N bRX-H & N
R\ s /ik/\ X, /Il\/\
X N S » G N e Ar
6-G 6-F
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R 'N R2' N-NH H' -/ R2 NHRbR / R2 R'RbN x N Ar LIAR HN 4-G HN
4@7@5 " “R2. NNHRRhNNCINI/RZ}-‘Ar HN 4-H 4-F

R RZ" Lindlers cat. x N ~' ~ RCRbN N N 4-K In another aspegg&ﬂfﬁFémms174
invention, preferred embodiments 4-H are 5 prepared as shown in

Scheme 4 whereinXH imdehtais ubsin frtsxamps bescibied Ammviharfollowing
examples gre indicated by Table 1. A thiomethylpyrimidine 4-A in a

suitable solvent such as, but not limited to, dlchloromethane Is treated with
about two t§;10 equivalents of an OX|d|2|ng ot Ij
to, 3- chlor;\?)qérﬁBﬁlberoxrd'é'Wﬂ@A) at &)ghfo to 30%mout
minutes to 24 10 hours to glve a sulfonylpyrlmldlne 4-B. A
sulfonylpyrimjdie 4-B in H suitabl ?o’ ch ut_not limited to,
tetrahydrofuran ig treat Nch ab ne o ve equi ale oflan
optionally substit g r heterodryl- ac Ieny :1 agnestuen'rafiddVic
at about -50 to 30 C for about one t% 4 hot % to gidela

propargylp dlne 4-D. A peopargylpy 4-1) |n UI able solv
such 15 a sz\ l?-? Q methyla@fﬂe is trbatefl with abo

to two equ f'arf aminopyfazglg 4-E, one to fiv equwalents
sodium iodide, and about one to five equivalents gha tertlauqorgamc

base such gs ot limited &Fbi-i @h- W Nhg/ amihe at 2 outi
C for about to Zﬂi‘lboxiﬁ(give a~mong hloro |m|d
monochloropyrimidine 4- a suitable solvent 66 O 20 041358
PCTIUS2006/¢3%174 skich as, apt limitdgl to, dioxane is treated wigh

one to five e lent primgry or secgn(?ry affine 4 G, boutgﬁjj
to one equiv s of ethg |nopyr antla e ;@1 \Y
equivalents of & terti jganlc Rese su s)aut not Ilmlted to, A \

di- |sopropyletiﬁllam|ne at about 20 to 110 C for
HO
/ N
\O\*H RO \/\NHz Q\Nﬂz QNH‘&

I\ Hot \

HN  NH b M 7\ NH ~ o
\_/ OH O N 2 NH
OH et —/\\g ' \\OH

0,

O, BN~
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of tFj];uis invention gasferred embodiments 44 are prepd@®-as shown in

§"’C’ e 4 Wherein an aminopyrimidine 4-H in a suitable solveﬁFg&%%}g,mS”“
but not limited to, tetrahydrofuran, is treated with about 0.8 to 1.1

~ equivalents of litBhenmedetynienotety At Schbouts- tihtiBex@rfise docukoné fiom

to 24 10 hpues g, glve.@,ians SHCIRKIRIdIG bl 8ROMCL AR bstitnt
this invention, pre erred embodiments 4-R are prepar&d as shown in
Scheme 4ixgiratedritah hminopyrhstitieat 4 bracipsthitetheoipher skers 1y, linker
but not limiieehtow eipiacataieas@ianal 1S dreaiedvwiith B Bautihdeteeds:
weight equivalents of Lirgilar's catalyst, about 0.1 to 2 weight equivalents
15 of quinoline and hygfogen gas at abqut one atmosg'ne to give a cis-
styrylpyrimidine 4-K. S e 5'R'6'{MgBr CI Ar-1)- X R1 N 5-A R6
R N R6- CI N-1j" S~IEI 0N Ar 4-B,02%-B R6. N-NK NAH/R2 1/R2
HA HN 4-E R@?Z. N Rg~ M-ZNH@Rb Ar4d'HN 1/ R6

H =

5 about one to 24 K‘urs to give an aminopyrimidine 4-H. ;fn another aspect

Rx R2 5-(r) | '\eR6. 6 CI¢Ad N o
N CH(CHy) N cn N _CH,CH
= 32 =% 3 2y
SNy O sy
= © ~ O {~+ ©
e & ChiCHy N _cH CH{CHa) ~
2 alz §
DR ¢ 4
~Z 0
5 NHo
H H '
S N\n/l N NHSOMe  \x N (CHy)aCH
; | | g
= o = 2 0
B X NS L
e ] T 0 =
L cl o =
E F
Z /| | cl o =
N Q\ N @, _;_./
_0 N T CHs
Gt Cl (HorF)
P _.,:.,\ (F or H) N BN~/
- = T
= Cl F = (H or F} \
Ci E
Aﬂ,ﬁ AN L D__g,ﬁ <
] H | i | -
8] P = O o
OCH
1\ D NN AN N
= l P I - L
OCH
(CH2),0H CHz0H 3 OCH,



/ R2 R6" HN 5- XN R2 Ar R'R-N el R6" 5-E 67 2007/041358 1..

R el 20040 4" In another aspect of this inventg@,-prefetredicssos/ossize
embodiments 5-f and 5-E are prepared as shown in Scheme 5 wherein

the variable substituents are as described above and examples of which

are indicated.Qy Tadwg 1. A5 sulfonylpyrgudifeGHB in Kuitable solvent
such as, c.j@ limited @ rahydro S treated w4
equivalents ofan-opiionally”sobeiittted Cis- or trans-

bout one to two
heteroaryl-vinyl magnesium halide 5-A at about -50 to 30 C for about 30
minutes to 24 hou({:’?gg give adichesapysippidine Cﬂﬁt@ﬁ&%ﬁﬂ/rimidine
5-B in a suiabiysolVent suéh a3, but not limited ghmethylacetamide
is treated witkzabout one to tw6 equivalents of an aminopyrazole 4-E,
about one to five equivalents of sodium iodide and about one to five
equivalents of.a tettigtyerganic baﬁg{ as, butot limited to, di-
isopropyle @ ine at aboui@l Ctora ne to 24 hours to give
a monochloropyrintgine 5-C: onochloropyrimidinéC®@lin a suitable
solvent 15 such as, but not limited to, dioxane is treated with about one to
five equivalents of g gsignary or ¥ Amine 4 V516 |
equivalents-g dimethylamin ine, and about Eyg equivalents
of a tertiary orgéhic base such as, but not limited to,
di-isopropylethylamine at about 20 to 110 C for about one(t: 72 hours to
give either smrimidﬁﬁ%’r 5@5‘5’% up vﬁ\%ether the
vinyl magnes alide sedint action seq e is the trans- or
cis- isomer, respectively. 68 WO 2007/041358 PCU11S2006/038174 it"
Scheme 6 Ininot(@e@ggpaect of th&iélvention, preferreg, embodiments 6-G

are prep shown in e GFe vadable substituents are
as describe ove and e of J are inglicated in the
accompanying figures. Selected : CFy
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5 examples of 6-g.are indicated by Table 1. CN HCUBOH NH NH

NtiSiadenaolss~ @/ /\ 0----, Ar /V NHZ 6-6a 6(r)B di yImalqratioos/o3s174
6(r)C base CiCI 0 6-y N c: x-x-H // N6-E POC13 N 6-D RxN"iN O N Ar

[ ArH /[ Ar d: Pz-NH2 8:Pz- NH%%% HN'PZ Nb:R-X-HN R\_"MNXN
3
,Arci N s Ar 6-F 69X 3135 T/US2006/038174
R X-Hin Sc l%Nn ample be selec q*n %t&ﬁgollowmg
structures "2NHH2N o JC ~6F NV~NH CN ~ D I'\ ‘N~ I / ~\ NHy
" NH2 (/NH2 NH2 N / N % 2 NH CNH (r)/ NH20 NHSO,Et

‘©JK§J(CH2}3N(CH3)Z : NHSOZCHagNHa
_CHN(CH
‘/‘L MN(CHg), @/ﬁkﬁ,CHgNH(cHS)

The optionally substituted or fused-ring amino-pyrazole “Pz-NH2” in

(CHz)zN(CHs)z

Scheme 6 can for example be selected from the following structures:

,\f»NH N-NH NN N~NH
HZNU M p— M _p~on M
‘ HoN H,N

'\}!"NH S R —-NH

. -

HZN \/ N\ / /K)_"L\‘
LR
HoN ‘/<
- NH "NH
[
N O ==
H Ny | N’(Ok
NLNY N-NH
S e
A
r\)ngH W N-NH
N
R S
-—-.N O
N
N
5 HoN ‘40,}.
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O NH2 Sam/ N2 © OH HO NH2 INH2 OH vNHYy H-~-O-ENOH CN'

@ cN+~ FO=s= '~ HN>- 2\
NI 35k B CN+~ F O=S=0H 0'~0/\ HO N> %ggfl}g—znmmm
NH S NH2'0 2 H2N HN(J NH O OH O N NH2 NH 0--\ OH H

C-)-\NH2 H2N\. _ 70 WO 2007/041358 PCT/US2006/038174 The moigty
denoted "Ar" in Scheme 6 can for example be selected from Fhe following
structures, wheréhthpridiesidrdivinoth riidginéfecaidbeghitdacet bstitlenton of a nitrile

indicates {xat Hhed AkuBHRMHVEREGH REJQANEd IR 8 %&eéﬁé%% f%lrrown in the

eplacomaRTY GRS CPHTENE S SAPRERHLY GYAEPl 3y o be producd by
NY CH(CH@)tivhéyi@pign@o Yor VIGTHA GHB: HrNXBH2E 13 xample by converting the
NYCH2CHbbAd hdheod g LIAHRR MK N M G R ed 10
Wittig reaction or related reactions such as the Peterson Olefination reaction.
Generally the desired product will also be made by selecting an appropriate Pz-
NH2, chosen for example based on the descriptions above or selected from the

10 figure above showing examples of Pz-NH2, and selecting an R-X-H, chosen for
example based on the descriptions above or selected from the figure above
showing examples of R-X-H. Examples of some possible products are indicated
mn Table 1. The present invention also includes molecules 6-G for which reagents
for both coupling reactions shown in Scheme 6 are chosen from Pz-NH2.

15 A nitrile 6-A A-CR™'=CR*-CN or Ar-CC-CN is dissolved in usually
between 1 and 100 volumes of a solvent for example a mixture of anhydrous
toluene and absolute ethanol. The solution is cooled to usually between 0°C and —~
70°C and dry HCI gas is bubbled for between 1 and 24 hours afier which the
reaction is closed and stirred for between 1 and 72 hours at a temperature usually

20 between -20°C and room temperature. Workup of the reaction mixture provides
the O-ethyl imidate 6-B or the alkynyl analog which can be isolated as the HC1 )
salt. 6-B or the alkynyl analog is dissolved in a solvent for example including but
not limited to ethanol and cooled to usually between room temperature and -20°C
and solution of dry amroonia in an alcohol for example methanol or ethanol or a

25  mixture is added. The dry ammonia solution can be purchased commercially or
freshly prepared by bubbling ammonia gas through the appropriate solvent. The
mixture is stirred at a femperature generally between 0°C and 50°C for usually
between 1 and 24 hours. The mixture is worked up to provide 6-C or the alkynyl
analog.

30 6-C or the alkynyl analog is dissolved in from 1 to 10 weight equivalents
of a solvent including but not limited to methanol. A malonic ester derivative
including but not limited to dimethyl malonate (generally from 0.75 to 5 molar
equivalents) is added to the solution usually at a temperature between 0°C and
50°C. The mixture is cooled to usually -20°C fo room temperature and a base for
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OO CJ'OBr\\g-Y FFCICI \CI//O3\r-\i0N C&3 ClCl(Hor F)

(K @sdh) NN |

OCH3 (CH2)20H / CHZOH OCH3 OCH3 71 WO 2007/041358

IUS ac
CHZCOOCHA COR, s Cvam s EOOT TSR B Py tilatens)
CH2CN (ERFOIT D eyer ey b eHzem 59 orpyeHBio crmitegmlution

CF3

10

15

20

25

30

is heated to a temperature appropriate to the solvent chosen and heated or refluxed
for generally between 1 and 24 howrs. Work up provides 6-D or the alkynyl
analog.

6-D or the alkynyl analog is slowly added in portions to an excess of a
chlorinating reagent including but not limited to POCls, One skilled in the art can
optionally use the chlorinating agent for example POCI; as the solvent as well as
reactant, or can use the chlorinating agent as reactant and optionally a solvent can
be selected for example including but not limited to acetonitrile. One skilled in

the art can use a base including for example but not limited to Hunig’s base

(diisopropylethylamine) or other amine bases to improve the effectiveness of the

reaction. The mixture is stirred generally for from 1 - 24 hours at usually between
75°C end 130°C. The reaction mixture is worked up and purified to give 6-E or
the alkynyl analog.

6-E or the alkynyl analog is then coupled to the desired substituents. As
illustrated in the Scheme, if the chosen substituents are for example a Pz-NH2 and
an R-X-H chosen from the accompanying figures, either the Pz-NH2 can be
coupled first followed by the R-X-H proceeding through 6-F, or the R-X-H can be
coupled first followed by the Pz-NH2 proceeding through 6-H. If the desired
product has two substituents selected from Pz-NH2 the appropriate reaction

conditions as described below are used.

*~--\ CICIF(Hor F) F AYH~0 AN sdtRshonsioss174

\

To couple Pz-NH2, to a solution of 6-E or 6-H or the alkynyl analog in a

- solvent including for-example but not limited to anhydrous DMA (usually from 1

to 100 equivalents) is added usually between 0.5 and 5 equivalents of an amino-
pyrazole which can be chosen from the descriptions in this invention, and
optionally a reagent including for example Nal or a catalyst and also optionally a
base including but not limited to DIPEA. The mixture is stirred at a temperature
generally from 50°C o 90°C for usually between 2 and 36 hours. Workup and
purification give 6-F or 6-G, respectively, or the alkynyl analog,

To couple R-X-H, 6-E or 6-F or the alkynyl analog is dissolved in the
desired R-X-H and heated between generally 50°C to 110°C for usually from 0.25
to 12 hours. Optionally a solvent can be chosen including but not limited to
anhydrous DMA and also optionally a base including but not limited to DIPEA or
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\ CF3/ CH3 CF3glr)~ 1/ cco>O3 NO N NH N HN~ Nw t- NH L-NH w

L 4 NHOOMBBN -NHOOONS o 036174
N 320042:20 79841358 PCT/US2006/03517 00610
LCH3 I CN | NHSO2Pr 1NHSO2iPr Nz~ (r) NHSO2Et H (CH2)2N(CIIH3)2
2CH3 NH2 H.0Q CHzN(CH3)2 N'N

gﬁ;ﬁ%ﬁgﬁi{iﬁﬁ?ﬁ% %}é}#@%ﬁf} LBERhieHdRE b adhdgnited to Nal or a catalyst
amino-pyragolee Peedpl Ehiﬁta&dhem&%ﬁﬁW&kQ%ﬁdﬁ@@;ﬁﬁﬁﬁﬁ%%ﬁﬁe target
e R $O KA
ﬂ\ltemaﬁve coupling methods to that shown in Scheme 6 may be used to
. 5 imcrease the effectiveness or selectivity of reaction for certain RXH, for example
the addition of a base including but not Limited to TEA or DIPEA, and also for
example replacement of one or both chlorine atoms by iodine or bromine, and also
for example the use of catalysts including but not limited to heavy metal catalysts
such as palladium complexes or Cu(l). These approaches are well known to one
10 skilled in the art, and are reported for exarnple in publications such as Gomtsyan
et al (J. Med Chem. 2002 45, 3639} and US 5,453,414 which are incorporated
herein by reference in their entirety. Additional modifications can be accomplished
by use of coupling reactions including but not limited to Suzuki, Stille, Grignard,
and Buchwald, as known to one skilled in the art. Optionally, appropriate
15  protection groups can be added and removed to facilitate the reaction, as is known
to one skilled in the art. Examples of other coupling reactions can be found in the
literature including “Straiegic Applications of Named Reactions in Organic
Synthesis” (L. Kwrti and B. Czako, Elesier Acedemic Press, New York, NY,
2005). Examples of protection groups can be found in the literatre including
20 “Protective Groups in Organic Synthesis — Third Edition” (T.W. Greene, P. G. M.
Wauts, Wiley-Interscience, New York, NY, 1999),
The present invention will be understood rmore readily by reference to the
following examples, which are provided by way of illustration and are not

intended to be limiting of the present invention.

25
EXAMPLES
The following abbreviations are used in the examples:
ATP: adenosine triphosphate
Brij-35: polyoxyethyleneglycol dodecyl ether
30 °C degrees Celcius
DMEM: Dulbecco's Modified Eagle's Medium
DMSO:; dimethylsulfoxide
DTT: dithiothreitol
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H2N "H H2N _k/-N.-N //O HH N; N-(Ok _ NH N, N H2N N-/ 0 H2N H2N /
H D ki NeNGH- ~1 H2N ) / H2N H2N'H N H2!&N-4
WO 2007/041358 PCTJUS2006/038174 The product 6-G from
- can be produced by selection of a nitrile with an Ar- substituent described
above or sgtected fromgga@mples shown in the above figure. These
nitriles are o _erciall%@\_/gil ble or can be produced by 5 reactions
known to one skilled in the Rrtineiid; EW@B%@WE@M&H@ the
appropriatd@fiehyde t&igheerfegiemite leyusiobrfateogmphjes but not limited
to a Wittigregeing o wialeakeaciens sielasine Reiersan,Qlsfination
reactiopn. Generally the desired product will also be made by g&ec INng an
appropriate Pz- NH2, clidBrefBr8 25 based on the descriptions
above or selgcted fromukiBetG:figure above showing examples of Pz-NH2,
and selectipg.an R-X-H, ghasen for example based on the descriptions
above or selected from the figure above showing examples of R-X-H.
Examples BF&me poséi&poducts are indicated in Table 1. The
present invdAtion also naisisieswramiecules 6-G for which reagents for both
couplinpg reaections shown. in Scheme 6 are chosen from Pz-NH2. 15 A
nitrile!rg?A?A%r?CR&:CR%ﬁ%h i B8N is dissolved in usually
between 1¥hd 100 voleRtiesby sedfiehutoretnepler fmikpyrezok ring system
anhydrousrfoluene an@hﬁb&e'lﬁsr@th%ﬂ@Jhﬁsﬁ,gl&gl%@g@%%&g&g@%mm

between 0C and -

/3
9§c 132006038174

traveled by solvent)
SRB: sulphorhodamine-B
15 TCA: trichloracetic acid
THF: tetrabydrofuran
tle thin layer chromatography
br broad
singlet
20 doublet
t triplet
q quartet
dd doublet of doublets
I coupling constant

25
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70C and dry HCLgas is bubbled for between | and 24 s after which
then actipnds ed and stirred for between | and 7%@#¥ours AbBT/US2006/038174
temperature usually 20 between -20C and room temperature. Workup of
the reaction mixture provides the O-ew 6-B or the alkynyl
analog which can be isolated as the H =B or the allcynyl analog is
dissolved in a solvent for example includinthutkiot limited to ethanol and
cooled to usually between room tempm%;gr?d -20C and solution of dry
ammonia in an alcohol for example metharjol ol@éthanol or a 25 mixture is
added. The dry ammonia solution can be ptifchased commercially or
freshly prepared by bubbling 2umeieyiia-gasghremighdbgsapgropriate
solvent. The mixture is stirred at a temperature generally between 0C and
50C ?r usually between 1 and 24 hours. The mixture is worked up to

provide 6-C or tHEHMAY/| “dhdiBy-arrG-oehyirydmiding afaleg i€ mmol) was
dissolved #sfrdvadlitaiDaneigtit acdiysdents. afe salveRtREMIINGRUL AT, ice.

limited to . [ r_derivatiye, including but not limited to
dimethyl ﬁﬁ?ﬁ? r(tgl%r%% y'%‘r%?n{?o‘% ?8%%‘%%?“5&8. ZIBAEIE ghidR apinutes.

to the soldtisirasddmpmtts iatipel taurebatween OGmritGRTW S °C. After the
mixture isaganies] Beuseatly «2QCeiR-tRaMLIERPaIALIe %9:%@0%3& [ L hier (50
\We ?@07%%3]@%85{% /tg 2006/038174 example including but n Tmitect

to NaOCI-13 (usually (5 A0 8 GRHER &4 ithe, detatingowlid oves filtered and
generally Héthvaader apriuROariblaies)-Fetybsuliingpokition-isheatesdoy. o
a temperaigg QpEat 0 sen.a a r refluxed

for generqély bgg\}vﬂe{en ]% a%%%?—%%hiﬁveg%’ugﬁg?g% e?ss’ é%g?)hrd%hé"/ﬁ{%/%lm N
5 analog. 8-D or the alkynyl analog is slowly added in portions to an

excess of a chlorinating reagent including but not limited to POCI3. One
skilled in the art can optionally use th%Migg agent for example

POC13 as the solvent as well as reactant, or'can use the chlorinating

agent as reactant and optionally vent can 10 be selected for example
including but not limited to aceton ~Qpe.sk @m the art can use a

base including for example but not limited tq\,Hu/ ig's base
(diisopropylethylamine) or other amine bases 1p infffeve the effectiveness

of the reaction. The mixture is stirred generall§tor from | - 24 hours at

usually between 75C anuitk8O¢ E)}aepheagiary NphdtuiRtie Wekes up and
purified to give 6-E or 15 the allcynyl analog.

A mixture of 2-methyl-S-nitropyrimidine-4,6-diol (4.7 g, 27.5 mmol) and
20  benzaldehyde (42 mL, 414 mmel) was treated with piperidine (21.3 mL, 215.3
mmol). The reaction mixture was heated to 90 °C for 2 hrs. The temperature was

then increased to 120 °C for 30 min. Afier cooling the reaction mixture to

ambient, methanol (10 mL) and diethyl ether (200 mI} were added sequentially.

The resulting solid was collected by filtration and washed with 5% aqueous

25  hydrochloric acid to give 5—nitco~2—[(E)-2-phenyivhzyijpyﬁnﬁdine»éf-,6-dio] 45¢g

) "H NMR (400 MHz, DMSO-dg): § 8.15 (d, 1H, J=16.4Hz), 7.15 (m, 2H), 7.54
(m, 3H}), 6.81 (4, 1H, J= 16.4Hz). MS (m/z) 260 (M + 1).

78



6-E or the alkyn alog is then coupled to the desireﬁgbsﬂtuents. As
ilustrated in i WEheme, if the chosen substituents a r-exargp
Pz-NH2 and ~ an R-X-H chosen from the accompanying figures, eit
the Pz-NH2 can be coupled first follow -X-H proceeding
through 6-F, or the R-X-H can be 20 co Bllowed by the Pz-NH2
proceeding through 6-H. If the desired. product has two substituents
selected from Pz-NH2 the appropriate neaction conditions as described
below are used. To couple Pz-NH2, 16 ¢ IE or 6-H or the
alkynyl analog in a solvent including for exa ot limited to
anhydrous DMA (usually from 1 25 to 100 equivglents)is added usually
between 0.5 and 5 equivalents of an amino pyrazole which can be chosen
from the descriptions in4figimhyentiongard(@pionalyiaiieRgenhineliding
for example Nal or a catalyst and also optionally a base including but not
limited to DIPEA. The mixture is stirred at a temperature generally from

50C to Y0C for ustialifbeeenrheamty sy Intmidvoédion@ 80, 9.63 mmol) was

purification tgivedFtbpbecphteapeaticalyriat 16 ancyd.anaed IneoUPE, drop-
_tl}-Le desired R-X-H

R-X-H, 6-E 5 fqﬂgﬁw anhalog is.dissalved i

and heated‘%rsefv%%ﬁ%begnera y5 '?o@lfg%?cg)?lu ué’lglys 19Tkt Yas observed
hours. OptiBFMg 2 EGRN{ Bkrrsetisnosirichuding iyt Ivatelimited0oC. After 1.5
anhydrous B anckalsaomianalited RS IREkNg DA ITUSA Giring. The

DIPEAgr 02 /041358 PCTIUJS2006/038174 TEA and also ,
optionally azgsg\él%m ?%%%Fﬁ%ﬁﬁa eﬁ&#&%ﬁf?@&’%&%ﬁ?ﬁfﬁ gfafyedichigrped-nitro-2-

used to facllifatéphensédnyiimriniiked 4. plHfiNaOEpOMER, (DRBDIS): 5 8.15
compound @Hm®.r £-Gs, el , OFth y lternafiv

coupling mgi‘pé% 8&2 th;?%Zov?r? ?r%éégﬁé’rﬁé%k éé%%alﬁ%ger b?g]iﬁtcrz%@z)‘ MS
the effectiven&ss lgleJre]c)tivity of reaction for certain RXH, for example

the addition of a base including but not limited to TEA or DIPEA, and also

for example replacement of one or both chlorine atoms by iodine or

bromikfe, and also for example the usemf gaiglysts including but not

limited to heavy metal catalysts such as palladium complexes or Cu(l).

These approaches are well kno one 10 skilleg-ingfe art, and are

reported for example in publicati SPle et al (J. Med.

Chem. 2002 45, 3639) and US 5,453,414 ic/h are incorporated herein

by reference in their entirety. Additional modificatisds can be

accomplished by use of coupling reactions hitlyding but not limited to

Suzuki, Stille, Grignard, HN-nf

2006/638174
er

6-(4-methylpiperazin-1-y1)-N-(3 -methyl-1H-pyrazol-5-yD)-5-nitro-2-[(E)-2-
phenylvinyllpyrimidin-4-amine

20 To a solution of 4,6~dichk>rov~5anitro~2-[(E)-zwphenylvinyi]pyﬁmidme
(200 mg, 0.676 mmol) in THR (5 mLl) was added triethylamine (204 mg, 2.03
mmol) and the reaction mixture was stirred for 15 minutes. 3-Amino-5-methyl-
pyrazole (66 mg, 0.68 mmol) in THF (3 mL) was added dropwise to the reaction
mixture. After 1 hour, N-methylpiperazine (74 mg, 0.74 mmol) in THF (3 mL)

25  was added to the reaction mixture dropwise. The reaction mixiure was stirred at
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and Buchwald, mown to one skilled in the art. Opmy, appropriate
r ;

bopipiestiong 's.can be added and removed to f te trkecrﬁﬁ%ﬁ%@mssﬂ 4
as is known to one skilled in the art. Examples of other coupling reactions

can be foypgd. i iterature including "Strategic Applications of Named
Reactionsli ?r?‘%?%aﬁ?é%%ﬁ@\%ﬁl(ﬂ%ﬁ %@%@%ﬁ?@é@éﬂ@ce@@h?@mg
Press, NeforYb¥kmiiwtes2GE5). Ecetaepl6s afly olestia@roupReCarbfcfaupg was
in the litergtg d0clucing 20q jve Gro in.Organic Synthesis - )
Third Editiorii’f'r (jﬂé.?\i/}\/é%rﬁeene, E.E%?%E.E%V%fgl,{%ﬁggﬂr%e%gle%ggs,'ﬁév\}whe residuc
York, NY, 18dgyuid prtkshiomirarisnt haxere indbistobddmutbyipatinziny -y1)-
_rlclafereﬁlpeltb(ll(;memqﬂmg@gta'_ Wrﬂ%ﬂﬁﬁg} ' Wﬁ%@éim‘iﬂzl%ine
ilustratio re tende miting qQf the present invention.
EXAMPL%%PHi@é #&%&%3%%&?%&?&%&%%%&- e LRAPRE bnih), 7.95
adenosiné"c»riHﬁqé’plﬁié)BﬁFS& pulysxgetmleneglycainjadacy, eter- 36Hz), 6.8
C tegrese Caf SEMEI, DUkecanls e Taas A MESR RSB

dimethylsylfoxide DTT: dit iothreitol 7

PCT/US2006/038174 g: gram HEPES:
lél-(zjﬁ/ﬁroxyethiﬁk)pigémzﬁrte-De«thmgﬁgﬁmﬂi(iraﬁB@ sﬂﬂl@hﬁéﬂﬂeh'b P%ﬁf%iﬁﬁa'ﬂféezs by
iquid chr . \ X niration_of an inhibitor that

causes & DB A R S Mo mL

milliliter mmol: millimole MS: mass spectrum 10 m/z : mass to charge

ratio Pz: optionally modified or substitutgd mrefused pyrazole ring system

Rf: ratio to front (ratio of distance traveled by substge/distance
_ Ne=

H!\i L
@%\“/N\ NH
UL,

HNW

HN-1
15 N N-bis(3-methyl-1H-pyrazol-5 ~yL)-5-nitro-2-{(£)-2-phenylvinyllpyrimidin-4,6-

diamine

By replacing N-methylpiperazine with J-amino-5-methylpyrazole was
obtained N, N’-bis(3-methyl-1 H-pyrazol-5-y1)-5 -nitro-2-{(F)-2-phenylvinyl]-
20 pysimidin-4,6-diamine in 44% yield. 'H NMR (400 MHz, DMSO-d): § 12.41
(br, 2H), 11.35 (br, 2H), 7.92 (4, 1H, J=16Hz), 7.79 (d, 1H, J= 6.8Hz), 7.76 (m,
3H), 7.16 (4, 1H, J= 16Hz), 6.80 (s, 2H), 2.31 (s, 6H). MS (m/z) 418 (M + 1).
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traveled by solvegt)-SRB: sulphorhodamine-B 15 TCAZtrichloracefic acid

THG gt ahysiko™ean tic thin layer chromatography b¥gFoead s Sj
d doublet ttriplet g quartet dd doublet of doublets 7 coupling &%%?%8{}38”4

25 77 WO 2007/041358 PCT/US2006/038174 EXAMPLE 1 VN OH N\~ f
NO2 OH 2-methyl-5-nitropyrimidine-4,W¥%ﬁ/dered

4,6-dihydroxy-2-methylpyrimidine é@Ejgol) was~gissolved in
hifluoroacetic acid (54 mL). The r n Mixtuge \Mgz\c oled in ice- water
as nitric acid (4.3 mL) was added dropw@e verf pefiod of 30 minutes.
During addition the internal temperature wad! tyed below 15 C. After
the addition, the cooling was removed and thgyreagction stirred overnight.
Water (50 10 mL) was added to the reaction mix (reyanid the resulting
solid was filtered and dried under vacuum to obtai¥

2-methy!-5-nitropyk(iriditieid, B-piel8-8-g)- ShitDISMRAOGMEZ1)-2-{ (£)-2-

DMSO-d6): S 12.97(br, 2H), 2. MS (myz) 172.(M + 1). 15
E)CAMPLE2 N OH NO, OH Syl bR R i

By replacing N-methylpiperazine with morpholine was obtained N-(3-
methyi-lH—pyrazo1»5~y1)—6—(morpholin@—yl}d-nitro%«{(E)»prhenylvinyl}»
pyrimidin-4-amine in 15% yield afier preparative hple chromatography. "B NMR
(400 MHz, CDCL): 3 10.56 (br, 1H), 7.88 (4, LH, J=16Hz), 7.65 (4, 2L,

10 J=6.8Hz), 7.40 (m, 3H), 7.06 (d, 1H, J=16Hz), 6.38 (s, 1H), 3.83 (m, 4H), 3.60
(m, 4H), 2.37 (s, 3H). MS (m/z) 408 (M + 1),

15 N—(3~methyl~1H~pyrazol~5-y1)-5—nitro-Gﬂ(piperazin-1~y1}~2—[(E’)-2~
phenylvinyl}pyrimidin-4-amine

By replacing N-methylpiperazine with piperazine was obtained N-(3-
methyl-1H-pyrazol-5-y1)-5-nitro-6-(piperazin-1 -yD-2-[(E)-2-phenylvinyl}-

20 pyrimidin-4-amine in 17% vyield afer preparative hple. 'H NMR (400 MHz,

CDCl): & 10.58 (br, 1H), 7.87 (4, 1H, J=16Hz), 7.62 (m, 2H), 7.38(m, 3H), 6.96

(d, 1H, J=16Hz), 6.37 (s, 1H), 3.74 (m, 4H), 3.58 (m, 4H), 2.36 (s, 3H). MS (in/s)
407 (M + 1),

81



5-nitro-2-[(E)-2-pRenylvinyl]pyrimidine4, 6-diol A mixture of
< |-5-nitroEg#midine4,6-diol (4.7 g, 27.5 mmol) .20
i‘grr%zal éﬁ;gggmz mL, 414 mmol) was treated with piperidine (SETéur%:i?g 6/038174
215.3 mmol). The reaction mixture was heated to 90 C for 2 hrs. The
temperature was then increased to 12B/€\FBB #nin. After cooling the
reaction mixture to ambient, methanql (10 niL) and.eiethyl ether (200 mL)
were added sequentially. The reg g salid was @ted by filtration
and washed with 5% aqueous 25 hydrocfﬁlolc id to'give
5-nitro-2-[(E)-2-phenylvinyIIpyrimidine'-4,6-dM7§/5\g) ). '"H NMR (400 MHz,
DMSO-d6): S 8.15 (d, 1H, J=16.4Hz), 7.15 (my2H), 7.54 (m, 3H), 6.81 (d,
IH,J=16.4Hz). MS (m/z) 260 (M + 1). 78 WO 2007/p41358
PCT/US2006/038174 EXAMPLE 3 N CI N NOPNoN
4,6-dichl o[r(o - )5 -n iT(Qqﬁ(&&%;ﬂbl@@%ﬁdnyl}pygrﬁjﬂm@@peﬂdmﬁ1 _y1)|32,[(g)-2_
5-Nitro-2-[(E)-2-phenylvinyl]pyrimidine4,6-dial (2.4 g, 9.63 mmol) was
e e

treated with phosphorous oxycﬁ’ orde (10 m

mm%l) followed by
drop- Wise addition of diethylaniline (4 mL, 25.1 mmol; slight exotherm

200 G Aflor 1.6 oLt e oo e B o e V-
. After 1. urs reaction was coq n_poured into crushe

ice with stif F]éag e ﬁzro}e]gsl] qlﬁ”é‘%‘o ?déi \7@? Kl @&"é%@%‘rﬁ?&ﬁ“ﬁﬁ%ﬁéd

to give 4,GuHEnGroismine - [¢9)-Pighhefiyivingioytiimitine (116 HMRI (00RMVHz,
(400 MHz -BMSO5d6): . (d, Fr16. 3 T 47 {m,
), 7.7 ?g’, i 12?3"&2;%28*&%2%*9’é‘&%%fﬁ%ﬁ%&?ﬁ%mé 699
N /xND2 ik T TRERPeg f-’n(FetHg&?pﬁJ Sr 5Py 346 (& FiBeryf-] S(m, 65D. MS
H-pyrazo &u\#p6ttolR-[ (E)-2 phenylvinyl]pyrimidin-4-amine

EXAMPLE 9

@\//\H/N\ f‘D
N \’/INC}z
HN >
15 N-(3-methyl-1H-pyrazol-5-y)-5-nitro-6-(pyrrolidin-1-y1)-2-[(E)-2~
phenylvinyljpyrimidin-4-amine

By replacing N-methylpiperazine with pyrrolidine was obtained N-(3-
methyl- 1H—pyrazel—-S-yl)-Sﬁitro»é{pyrro]idin—1 -y1}-2-[(E)-2-phenylvinyl}-
20 pyrimidin-4-amine in 14% yield after preparative chromatography. 'H NMR (400
MHz, CDCls): 8 10.5 (br, 1H), 7.9 (4, 1H, J=16Hz), 7.65 (m, 2H), 7.39 (m, 3H),
7.13 (4, 1H, J= 16Hz), 6.29 (s, 1H), 2.5-3.5 (m, 4H), 2.37 (5, 3H), 2.02 (m, 4H).
MS (m/z) 392 (M + 1).
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20 To a solution of 4 ;6-dichloro-5-nitro-2-[(E)-2-phonyI-rinyl]pyrunidine

%gg {51(9”0 6;@ I) in THE (5 mL) was added triet nine (2
2 nuno “3hd the reaction mixture was stirred for 15 minutes’
3-Amino-5-methyl- pyrazole (66 mg, 0.68 mmol) in THE (3 mL) was added
dropwise to the reaction mixture. AfteEXABILN Ifhethylpiperazine (74

mg, 0.74 mmol) in THE (3 mL) 25xvas added to th tion mixture
tirre at, 79 @307/041358

TfU 59006/838174

dropwise. The reaction mixture W
PCT/US20061038174 room temperature faf 1 fourfollowed by addition of
water (10 ML). After stirring for 15 minuteé"%,@@etate (50 mL) was
added. The organic layer was separated, dejgd and-the solvent
evaporated under reduced pressure. The FESIdWS triturated with
chloroform and hexane to obtain 6-(4- methylpfﬁfé‘r&zm 1- yI) 5

N-(3-methyl-1H-p(azedthy i) braitia-21] ()Y 2-phenyl vy insinuginzdranne

(80 mg). 'H NMR (400 MHz, DMSQ @@S lmfii ?(ibg éﬁsz 10.52 (br 1H),

7.95 (d, IH, J= 16Hz), 7.83 (&Y 5 11 (d, 1H, J=
16Hz); 6.8 (s, 1H), 3.65 (br, 4H), 25 (br, 411), 2.36 (s, 3H), 2.29 (a, 3H)

MS (m/z) 421 (Ma+ sdiltiba E,)gelmplgg %Iﬁb%&é!eﬁ%l?&%@@r%én %emol) i
manner as_Exa acing.t methylpiperazine wi
approprlat%eogémlrﬁg &iA%ﬁf’%o aﬁ?ﬁlﬂ nﬁ' @W%W@?MXQ}C’WNGN{? A
15 solution of 6-(4-methylpiperazin-1-y1)-N- -(3-methyl-1 A-pyrazol-5-yi)- S-nnm_z..
NN bis( ey gl s o A U o) o

6 dlamln metgg |pera2|ne with
3-amino-5. m%%ﬁ(ﬂp R %vgse to the reaction mixture. The reaction was

NN’ pls_(saH@@tfq/tq HOpyr@z@iﬂﬁe_yﬂ)témpﬁrMe [45)-2epenHyird k@00 °C for 3 hours.
pyrimidin-fgsiamineg,in 4426 vield;’ EM%&AQ)Q g& 3%9 { da%fgf) jmxture was

12.41 (br, 11.35,(br, 211), 7.92 (d, 1H, J
6.8Hz), 7 ‘Fé“ﬁ%’ 3143, 72etg omeyn&reﬂzﬁole%%dezwacw (Ehejiue was
MS (m/z) dmaea\mmu)etmﬂ Wéar00M0104.1 308 PC NLSI2GO6/08F 144 added to the
15 reaction mixture. The organic layer was separated, dried and the solvent
evaporated under reduced pressure. The residue was then trifurated with ethyl
acetate and hexane to afford 6-(4-methylpiperazin-1 ~y)-N-(3-methyl-1 H-pyrazol-
5-y1)-2-[(E)-2-phenylvinyl]pyrimidin-4,5-diamine as a yellow solid (200 mg). ‘H
NMR (400 MHz, DMSO-dg): & 7.94 (br, 1H), 7.70(d, 1H, J= 16Hz), 7.59 (m, 2H)
20 7.38 (m, 2H), 7.29 (m, 1H), 7.05 (4, 1H, = 16Hz), 6.36 (br, 1H), 3.44 (br, 2H),
3.3 (br, 4H), 2.59 (br, 4H), 2.36 (s, 3H), 2.33 (s, 3H). MS (m/z} 391 (M -+ 1).

Examples 11 to 15 were prepared in the same manner as Example 10 from
the appropriate starting material,
25
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EXAMPLE 6 Co JAIN N NO2 HNC HN-N

Ny(35 Bagthamc ol-S-yl)-5-nitro-6-(moipholin-4-yl) ) -2
phearﬁylvinhsi‘ll{)gﬁmidln 4-amine 5 By replacing N- methylp|peraz|néC1\1;v[|({ﬁ20ﬂ6/638174
morpholine was obtained N-(3-

methyl-IH-pyrazol-S-yl)-6-(morpholin-4 5845 B [(E)-2-phenyivinyi]-
pyrimidin-4-amine in 15% yield after preparative h romatography. 'H

NMR (400 MHz, CDC13): S 10.56 (br, 111), 7. ‘?a' 1H, J=16Hz), 7.65

96 (d, 1H, 11z), 6.38 (a, 111),

(d, 211, 10 J=6.8Hz), 7.40 (m, 3H])
3.83 (m, 413), 3.69 (m, 4H), 2.37 ta NHO08 (M + 1).
EXAMPLE 7 fl CNH N NJ N NO2 HN HN- NN\CEﬁ
N-(3-methyl-IH-pyrazol-5-yl)-5-nitro-6-(piperazii-l-yl§t2-[(E)-2-
phenylvinyl]pyrimidin-4-amine By replacing Nﬁﬂe{‘by@gerazme with
piperazine was obtained N-(3- HN=p

methyl-1H- -PyrazQ - -(plpera2| 2 phe IV|nyI] 20
pyr|m|d|n4am|ne m% %’H ity ép?épa%\f éi‘é‘ qqym Iproodipg2,5.6-
CDC13): S 10.58 (br, 1H), 7.87 (d, 1H, J=fiGhiz}, 7.62 (m, 21D, 7.38(m,

3H), 696 (d, 1H, J 16Hz), 6.37 (s, 1H), 3.74 (in, 4H), 3.58 (M, 4H), 2.36

(a, 311). MS (m@miw (M + 1). 81 WO 2007/041358

PCT/US2006/03877% BRBRMPIOE 0N iyl LEEpyrazol-5-y1)-S-nitro-2-[(B)-2-

phenylvinyllpyrimidin-4,6-diamine, was obtained NN "-bis(3-methyl-1H-pyrazol-

5-y1)-2-[(E)-2-phenylvinyl]pyrimidin-4,5,6-triamine in 43% yield. 'H NMR (400

MHz, DMSO-dg): 8 11.86 (br, 2H), 8.41 (br, 2H), 7.2-7.8 (m, 6H), 7.0-7.1 (br,
10 TH), 6.5 (br, IH), 2.11 (s, 6H). MS (/) 388 (M + n.

EXAMPLE 12
o
O = M N\ N\/‘
L
HNW
HN=p

N-(3-methyl- 1H~pyrazol-5-yl)-6~(morph01in-4~yl}-2-{(E)~2-
15 phenylvinyllpyrimidin-4,5-diamine

From Example 6, N—(S»methyl—1H—pyrazoI-S-yl)—5-nitro~6—(morpholin~4~
yD-2-{(E)-2-phenylvinyl]pyrimidin-4-amine, was obtained N-(3-methyl-1H-
pyrazol—5-yl)—6-(morpholin-4~y1)-2~[(£’)—2-phenylvmy}]pyrimidin—-ﬁl,S-diamine in

20 21% yield afiter preparative hplo. 'H NMR (400 MHz, CDCL): 5 11.35 (br, 1H),
7.58 (m, 2H), 7.42 (m, 4H), 6.74 (4, 1H, J=16Hz), 5.82 (5, 1H), 3.67 (m, 4H),
3.27 (m, 4H), 2.17 (s, 3H). MS (in/z) 378 (M + 1),
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N 1 NO2 HN~er&EM-N N-(3-methyl-IH-pyrazol-5-yl)-5-aitro-6-(piperidin- |

“WolrtbE g ah MPivinyl]pyrimidin-4-amine 5 By repl L PCTIUS2006/038174
N-methylpiperazine with piperidine was obtained N-(3-
methyl-IH-pyrazol-5-yl)-5-nitro-6-(piperidin:|- gﬁ (E)-2-phenylvinyl]-
pyrimidin-4-amine in 16% yield after p t Ic. 1H NMR (400 MHz,

CDCI3): 8 10.58(br, IM, 7.87 (d, #=16Hz), 7.62(y2H), 7.38(m, 3H),
6.95 10 (d, 111, J=16Hz), 6.35 (@L}%{m 44),2.36 (s, 3R),
1.4-1.9(n4 611). MS (M/z)406(M+1). EXAMPLE 9%1/N No N NO2
HNHH N'-N~ 15 N N

N-(3-methyl-1H-pyrazol-5-yl)-5-nitro-6-(pyrroidin-1.yl)-2-[(E)-2-
phenylvinyl]pyrimidin-4-amine By replacing N- iet piperazine with
- . (o -N

pyrrolidine was obtained N-(3

methyl-IHBp{Parets i Symirol-6-Bybr (liptrdingl)- A3 {2H ) 2-pipbeyy il ip2Bmidin-

pyrimidin-4-amine in 14% yield after prgg@&@dt‘iﬂﬁechromatography. 1H

NMR (400 MHz, CDC13): 8 10.5 (br, 111), 7.9 (d, IH, J 16Hz), 7.65 (m,

2H), 7.39 (m, 311), 7.13 (d, 1H, J= 16Hz), 6.29 (s, IH), 2.5-3.5 (m, 4H),

2.37 (s, 3H), 2.02¢im, Bidynphd S77 lz)3302 1N A 82 WEOVR0O 404 6358 e razin-1 -

PCTIUS2006/983 b gt Tkl -Nkinlt) NEZ HleilN v (5-methyi-1-
pyrazol~5~yl)—6—(piperazin—l-yl)—2-[(E)—2~phe_ny1vinyl]pyﬁmidin—4,5—diamine in
17% yield after preparative hple. 'H NMR (400 MHz, CDCL): § 11.3 (br, 1H),

10 7.31-7.63 (m, 6H), 6.82 (d, 1M, J=16Hz), 5.85 (s, 1H), 3.28 (m, 4H), 2.22 (s, 3H),

1.65(m, 4H). MS (m/z) 377 (M + 1).

EXAMPLE 14

o i
SV

N NH,
NS
HN—y7
15 N-(3-methyl-1H-pyrazol-5-y1)-6-(piperidin- 1-y1)-2-[(E)-2-phenylvinyl]pyrimidin-
4,5-diamine

From Example 8, N-(3-methyl- 1H-pyrazol-53-yl)-5-nitro-6-(piperidin-1-
y1)-2-[(E)-2-phenylvinyl]pyrimidin-4-amine, was obtajned N-(3-methyl-1H-

20 pyrazoi—S-yl}G—(piperidin—}—yI)~2—[(.E)~2~pheny}vinyl}pyﬁnﬁdin~4,S-diamine in
18% yield. 'H NMR {400 MHz, CDCL): 8 7.73 (4, 1H, J~16Hz), 7.62 {4, 24,
J=7.2Hz), 1.39 (t, 2H, J=7.2Hz), 7.32 (m, 1H), 7.09 (d, 1H, J=16Hz), 6.3 (s, 1H),

3.29 (b, 2H), 3.2 (br, 4H), 2.36 (s, 3H), 1.4-1.9 (m, 6H). MS (m/z) 376 (M + 1),
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6-(4-methylpiperagin-| -yl)-N-(3-methyl- IH-pyrazol-5-yl\g2-f(E)-2-

pRedyhinyiipysin™Ein-4, 5-diamine 5 A solution of tin (IK#hloride diyeiaiesss 74
(600 mg, 4.43 mmol) in concentrated hydrochloric acid (1 mL), 9.04

mmol) was cooled below 10 C. A solution o
6-(4-methylpiperazin-I-yI)-N-(3-methyﬁéﬁé}\af§fﬁ-5§yl)-5-nitro-2-
[(E)-2-phenylvinyl]pyrimidin-4-amige~NExample 4, 4 g, 0.95 mmol) in
10 methanol (20 mL) was added e.@]« ise.lo the rqgfc}gn mixture. The
reaction was allowed to come to ambieft te pefature and was then
heated to 60 C for 3 hours. Progress of therP! tiogHwas monitored by
TLC. The reaction mixture was reduced to 1/6 ygalume of the original
volume under vacuum. The residue was diluted Wwitiethyl acetate (40
mL) and IN NaOH (20 mL) was added to the 15 redttion mixture. The
organic layer was sépéraetytitidd anbtiieySolventraidparaipd-i(Aper
reduced pressure. The residugm@g&%ﬁg@,\g@mﬁggl acetate and

hexang to afford 6-(4-methylpiperazin-1-yl)-N-(3-methyl-IH-pyrazol-

5-y|)-2-[(E)-2-phenylvinyl]pyrimidin-4,5-dia)mine as a yellow solid (200 mg).

|7 H5 gj zle §4oo MEkpD mﬁpuﬁﬂ,91?{:941<m§;mngp5ﬁmlH.gzmgsl.ﬂ;ga@bgggoﬁd;n_l-
. nm, I . = .

(br, 1H), 32’4%%@2 ?%%ﬁ%ﬁﬁ“ﬁ%%;%‘%ﬁ),%ﬁe ?sb«,lz’é’ie%, ?é@b@?ﬂm’m“
3H). MS (%323{91'5( SRy B2 1 Ehevstankpaiaiiin-fiedamiee i
manner a2@x4ariehle T MR (t0e RPR] AIELS: Y3 HRNAIE) i3l 72283V R 61z,
200THHALSPRRE TR F2PAGI) LT SRS Yo N Ned Y R,

N, N'-bis(3 ety bk Byrage: 85 70 71E) 25T p Retdy/dsi A pL Moy E)S S (/) 362
triamine &M + 1).

OaN. A
l N
~_0 N&‘\
15 O
ethyl 2~ch10ro—6—[(3~meﬂ1y1-1H-pyrazal~5-yl)amino]«5—nitropyrimidine#-

carboxylate

Ct

To a solution of commercially available ethyl 2,6-dichloro-5-

20 nitropyrimidine-4-carboxylate (Matrix Scientific, 1.00 g. 3.76 mmol, 1.0 equiv)
and 2,6-lutidine (0.65 mL, 5.60 mmol, 1.5 equiv) in anhydrous 1,4-dioxane (5

mL} at room temperature was added drop-wise a solution of 5-methyl-3-
aminopyrazole (0.38 g, 3.95 mmol, 1.05 equiv) in anhydrous 1,4-dioxane (5 mL).

The solution was stirred at room temperature for 30 min, diluted with ethyl acetate

25 (100 mL), washed with 1 N hydrochloric acid (50 mL x 3) and brine (50 mL x 1),
dried over Na;SQy, and concentrated to dryness to yield a light-brown solid as
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From Example N'-bis(3-methyl-IH-pyrazol-5-y1)-5- -2-[(E")-2-

Ry Ry n-4,6-diamine, was obtained %o
Fl%lb‘l\?-bis(yg-rlnethyl IH-pyrazol- PCT/US2006/038174
5-yl)-2-[(E)-2-phenylvinyl]pyrimidin-4,5,6-triamine in 43% yield. '"H NMR
(400 MHZBS0 ©6)16 g £.36)(Br, 021 Y687% tiliyt ap¢miehaang; WS 614)327, calcd
7.0-7.1 (br, .;LR: %2@@*}50(}3( 1H), 2.11 (s, 6H). MS in/z) 388 (M+ 1).
EXAMPLE 12 N NH2 HN)* HN'-N~ N-(3-methyl-1
H-pyrazol-5-yl)-6-(morpholin-4-yl)-2-[(E)-2- 15
phenylvinyl]pyrimidinA,5-diamine FrorXExdiiie: 6,
N-(3-methyl-IH-pyrazol-5-yl)-5-nitro-6- (morpholj,ﬂ-
yl)-2-[(E)-2-phenylvinyl]pyrimidin-4-amine, w%?&@ned N-(3-methyl-I1H-
pyrazol-5-yl)-6-(morpholin-4-yl)-2-[(E)-2-pgnyVinyl]pyrimidin-4,5-diamine
11.35 (br, IH) 9 7.58 (m, 2H), 7.42 (

R (400 MHz, CDC13): 5
: : : : , 1.42 (np, 4H), 6174 (d, 1H, J 16Hz), 5.82 (s,
IH), 3.67 (m, 4H), 3.27 (m, 4H), 217 (¥, 31\5%@78 (M+ 1). 84
WO 2807/041358 PCTIUS200610381 1 EXAMPLE CNH NNJ NI
NH2 HNC HN-NY N-(3-methyl-IH-pymwl-5-yl)-6-(piperazin-I
-yl)-2-[(E)-2-phenylvinyl]pyrimidin- 4,5-diamine 5 From Example
N-(3-methyl1H-py r& VS5 B A Rl emino ) -2 (@

yl)-2-[(E)-2-phenylvinyl]pyrimpélamsAvaryiiperiwgisnetaireck Nal@-methyl-iH-

in 20 21% vyield after preparative hple:

10 To a glass vessel containing Example 16 (100 mg, 0.31 mmol, 1.0 equiv),
arthydrous potassium carbonate (64 mg, 0.46 mmol, 1.5 equiv), trans-2-
phenylvinylboronic  acid (69 mg, 0.46 mmel, 1.5 equiv), and
tetrakis(triphenylphosphine)palladium(0) (18 mg, 0.015 mmol, 0.05 equiv) was
added anhydrous toluene (3 ml.) under nitrogen atmosphere. The suspension was

15 de-gassed by bubbling nitrogen through for 2-3 minutes. The suspension was then
heated with rapid stirring at 70 °C for 8 hours, cooled to room temperature, diluted
with water (50 mL), and cxiracted with dichloromethane (50 mL x 3). The
combined extracts were and concenfrated under reduced pressure. The residue was
pusified on a silica gel flash column with 0-50% ethyl acetate/hexane to vield

20  Example 17 as an orange solid (62 mg, 51%): Ry 0.40 (60% cthyl acetate/hexane);
MS m/z 395, caled 395 (CioH1sNeO4+H).
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pyrazol-5-yl)-6-(piperazin-I-yl)-2-[(E)-2-phenylvinyl]pyrimidin-4,5-diamine
in 17% yield ah%reparative hplc. 'H NMR (400 MHdI;)CIB): S11.3
B0 48 %%1-7 .63 (m, 6H), 6.82 (d, IH, J=16Hz), 5.85 (s, 1HHUIRR4038174
4H), 2.22 (s, 3H), 1.65(m, 411). MS (m/z) 377 (M + 1). EXAMPLE 14 OiIl
~NJ N NH2 HNHH N-N 15 EXAMPLE 18
N-(3-methyl-|H-pyrazol-5-y|)-6-(piperidin-I-yIL—&;KE)-Z-phenylvinyl]pysimidi

A

n- 4,5-diamine From Example 8,
N-(3-methyl-|H-pyrazol-5-y|)-5-nitro-6-(pipmM
yI)-2-[(E)-2-phenylvinyl]pyrimidin-4-arainge obtained N-(3-methyl-iH-
20 pyrazol-5-yl)-6-(piperidin-I-yl)-2-[(L)-24pheqylvinyl]pyrimidin-4,5-diamine
in 18% yield. 'H NMR (400 MHz, CDCI3): B%ﬁ@:mHz), 7.62 (d,
213, J=7.2Hz), 7.39 (t, 211, J=7.2Hz)07.32 (m, 111,209 (d, IH,
J=16Hz), 6.3 (s, | 2! 2B 3. y4H), 2,36 (s, 311),.1.4-1,9 (m,
614). MS (in/z) 37??& f %Q(%Sg WQ%%%%&E%?&&%@%%’&%@%M
EXAMPLE 15 N Nr N \ NHzPRRrinyRiryrpaidigad-paghprtate

H-pyrazol-5-yl)-6-(pyrrolidin-1-yl)-2-[(E)-2- phenylvinyl Jpyrimidin-4,
5-diamine 5 From Exam le 9, o
N-(3methyl-1H- yr%zaél-?g/ 9§-n?{rol§é??1p§}ﬁplll8in(-?-'40 g 1.02 mmol, 1 equiv) in
yl)-2-[(E)-SiptEngsolfamigs (mimdihaadaaerteaitilad Bbieln exriaf@ad ety Ktk (0.66 ¢,
pyrazol-5-yi)48- tayiDlidinghiy)) 3L uphenyhamdlnyr ipisiBather dianaiego.63 o,
in 20% yi?gio(}H NI\{I 409‘% CDCI3). 5 7.88 (br, 1I;|), 7.71 (d, 1H,
3-16Hz), 10.7.59 (d, 2H, FEP2HZ), TIER BN I1 33 98 (Fimagyee for 30
7.00 18, IHRiaesHF e 5gB) (wag Hilep3 oh with) 22 GlitbrpRH . 3be(Sjltrate was
3H), 1.97 (oncéhbatbdSiBeizr&fEd pressure to yield the crude product that was purified
by column chromatography on silica gel using 5 % methanol in chloroform,
yielding Example 18 as a yellow solid (70 mg, 19 %): Ry 0.55 (10%
methanol/dichloromethane); "H NMR (300 MHz, DMSO-dg) 6 12.19 (br s, 1 H),
" 15 9.60 (brs, 1 H), 7.63 (4, /=75 Hz, 12 H), 7.53 (d, J = 15.9 Hz, 1 B), 7.35-7.45
(m, 2 H), 7.26-7.34 (m, 1 H), 7.07 (4, J = 16.0 Hz, 1 H), 7.04 (brs, 2 H}, 6.75 (s, 1
H), 438 (q, J=7.8 Hz, 2 H), 2.32 (5, 3 H), 1.34 (t, /= 7.8 Hz, 3 H); MS m/z 365,
caled 365 (C1oH2oNs00HH).

20 Examples 19 to 23 were prepared in the same manner as Example 17
starting from Example 16 by subsituting the appropriate vinylboronic acid for

trans-2-phenylvinylboronic acid in the synthetic sequence.
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(M+1). EXAW HN-N HN ON N' ~O I NCI 15 Q ethyl
-chloro-6-[(3: -sIAIH-pyrazoI-S-yI)amino]—5-nitropy‘%§|jne-4-
g‘zﬁ c%{(&%en o a solution of commercially available ethyl 2,6-0?&%8?‘%2-@@03817*
20 nitropyrimidine-4-carboxylate (Matrix Scientific, 1.00 g, 3.76 mmol, 1.0
equiv) and 2,6-lutidine (0.65 mL, 5.60EMPLE8quiv) in anhydrous
1,4-dioxane (5 mL) at room temperature vm?,gdded drop-wise a solution
of 5-methyl-3- aminopyrazole (0.38 g, 3.95}@4,\1,05 equiv) in
anhydrous 1,4-dioxane (5 mL). The soli#on was stirred at room -
temperature for 30 min, diluted wittz} tate 25 (100 mL), washed
with I N hydrochloric acid (50 mL xc3 bline (50 ml, x 1), dried over
Na2S04, and concentrated to dryne toN/ieI a @ rown solid as 86
WO 2007/041358 PCT/U52006/038174 Example 164146 g, p955%):

R10.55 (60% gthyk te/hexang); [z 327, calcd. 327 _
(cl|H1|ClN654%)@%ﬁ/@%ﬂ%ﬁ%ﬁﬂ?‘%@@ﬁ&ﬁeﬁy@@”8%9?01‘5“
6-[(3-methyl-IH-pyrazol-5-yl) i8S pygmifg)-carboxylate
phenydvinyl]pyrimidine-4-carboxylate 10 To a glass vessel containing

Example 16 (10 0.31.mmol, 1. v), anhydrqus potassium

carbonate (64 m%,gnogﬁb %ur%no% , %@%%ﬁ\%ﬁcr)ﬁor%% W@%‘?ﬁ?ﬁﬁb%‘?ﬂé"écfﬁim"z“
(69 mg, O. Wh?g]gﬂg_qg@qam’vgﬁs@btained a light-yellow solid (14 mg): 'H NMR (400

tetrakis|(triphen yiphospRyaelnadiasium (8), 6.8 109 1P @ MOk DL EAYY 7 40
was adde@ %n_wg_ﬁogzs tﬂﬂene 3.mL) under nitrogen atmosphere. The ™"

suspensio ’Wa—S , 1.44(d, J= 8.3 Hz, 2 H),7.09 (d, J= 16.6 Hz, 1 H), 7.04 (s,
10 2H),6.75(s,1H),434(q,J=7.0Hz, 2 H),232(s,3H), 1.34 (t, J= 7.0 Hz, 3
H); MS m/z 399, calcd 399 {CioH1eCINGO+H).

EXAMPLE 20
HN“N\

HNA)‘
HpN } N
~0 N’J\/O
O
CF

15 ethyl 5-amino-6-[(3-methyl-1 H-pyrazol-5-yl)amino] -2-{(E)-2-[4-
(trifluoromethy!)phenyl]viny!} pyrimidine-4-carboxylate

3

By substituting srans-2-(4-(triflucromethyl)phenyl)vinylboronic acid for
trans-2-phenylvinylboronic acid was obtained a light-yellow solid (60 mg): 'H

20 NMR (400 Mz, DMSO-dy) 8 10.20 (brs, 1 H), 7.89 (6, /=8.0 Hz, 2 H), 7.77 (d,
J=8.0Hz, 2H), 7.66 (d, /= 16.0 Hz, 1 H), 7.41-7.37 (m, 3 H), 6.76 (s, 1 H), 4.40

(9, /= 6.9 Hz, 2 H), 2.34 (s, 3 H), 1.37 (t, J = 6.9 Hz, 3 H); MS m/z 433, calod
433 (Con]gFg,NﬁOrl‘H_).
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15 de-gassed by bling nitrogen through for 2-3 minytes. The

an- heated with rapid stirring at 70 r-8 h
??ggbr%%%?ﬁﬁgrature diluted with water (50 mL), and extractegJ {U% 9&1%38174
dichloromethane (50 niL x 3). The combined extracts were and
concentrated under reduced pressureiAf¥Pédidie was purified on a
silica gel flash column with 0-50% ethyl aq%taate/hexane to yield 20
Example 17 as an orange solid (62 mg, 519 .40 (60% ethyl
acetate/hexane); MS m/z 395, calcd 39‘5"(C3 H1sN604+H). 87 WO.
2007/041358 PCT/U82006/03817¢’ E 18 HNN--N HN'O- HZN |
~N ii O ethyl 5-amino-6-[(3-methwh.1 L ywrazoks-yhaminol-2-[(E)-2-
phenylvinyl]pyrimidine-4-carboxylate 0 a solutip Example 16 (0.40
g, 1.02 mmol, 1 equiv) in dlmethylsu(l)fomde (5 mL) afd acetonitrile (20
mL) was addegziredust(QBeds &&@@pﬁ@m@jvﬂ&paw)déﬁ@m;kymy
addition of ammonium formatel%) 63 é)o non Olequw) The
suspension was stirred at ro toretor 36" 6’% Hutes. The solid
- was filtered off with a celite pad and the filtrate was concentrated under

reduced pressuf?ﬂ@tﬂi&lﬂlﬂﬁ@ QF&';QQR&O;Q%M WGngbX&P ey g2
Eifr;ngteol%gf’m‘m s(l)llcasgr1 desm 1{10 54 Pif%‘l%g(g%){}%form )ylgsldNI&R (400
methanolMigh|ErsB@HHarke)?. 1HMINM R BODM iz 1B SOsIBH 8 (2. 1 9(br.3) (d, J
il )137) 315579229@ 5, qz‘ )OZ ?éo(tinlnzﬁ'% 7(}21 ’ﬁgy Z§§é%ﬂ" i"@&ij 2.33
(o S50 HB T saf /3 50 iy S5 T BBES

7.8 Hz, 3 H) MS m/z 365, calcd 365 (C19H20N602+H). 20 Examples 19

to 23 were prepared in the same manpen sk ajpple 17 starting from

Example 16 by subsituting the appropriate vinylboronic acid for
trans-2-phenylvinylboronic acid in the syn sequence.
e

HoN A
~_-0 N/ P F
0
ethyl 5-amino-2-[(E)-2-(3-flnorophenyl)vinyl]-6-{(3-methyl-1 H-pyrazol-5-
15 yhamino]pyrimidine-4-carboxylate

By subsfituting trans-2-(3-flucrophenyl)vinytboronic acid for trans-2-
phenylvinylboronic acid was obtained a light-yellow solid (13 mg): 'H NMR (400
MHz, DMSO-de) 8 12.11 (br s, 1 H), 9.51 (5, 1 H), 7.56-7.38 (m, 4 H), 7.14-7.04

20 (m,4H),6.76(s, 1 H),4.33 (q,J=7.1 Hz, 2 H), 2.31 (5, 3 H), 1.32 (t, /= 7.1 H,
3 H); MS m/z 383, caled 383 (CipHisFNsO+H).
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88 WO 2007/04&5 PCT/US2006/038174 EXAMPL ~HNN--N~ - HN"
HEN Nohbsasd | _ S PCT/US2006/038174
5-amino-2-[(E)-2-(4-chlorophenyl)vinyl]-6-[(3-methyl-IH-pyrazol-5-
yl)amino]pyrimidine-4-carboxylate 5 By substitutin
trans-2-(4-chlorophenyl)vinylboronic a&ﬁmﬁm&ﬁg - phenylvinylboronic

acid was obtained a light-yellow solid (14 gag)si'H NMR (400 MHz,

DMSO-d6) 8 12.12 (br s, I H), 9.52 (s, 1 H)l\\Zﬁ&(d, J=8.3Hz, I H), 7.49

(d, J=16.0 Hz, 1 H), 7.44 (d, J= 8.3 Hz,2 H), 7.09 (d, J= 16.0 Hz, 1 H), .

7.04 (s, 10 2 H), 6.75 (s, | H), 4.34]"&5“, ) 0 Hz, 2 H), 2.32(s,3H),1.34

(t, J=7.0 Hz, 3 H); MS nz/z 399, Galcd AAHIOCIN6O2+H).

EXAMPLE 20 HNN-N HN HZN " N A )
5-amino-6-[(3-methyl-IH-pyrazol-5-yl)amino]-2-{(E)-2-[4-CMe

(trifluorometheytypberlviny i Apyrimiding, — .
trans-2-(4-(trif|uoromethyl);;{)ké}%}\éj?/in bmﬁﬁﬁxﬁﬁgﬁwm%mml 5

trans-2-phenylvinylboronic acit WAS OBIATRRY S TiGHE EMBHeEs olid (60 mg):
IH 20NMPR (400 NIFiz, DMSO-d6) 5 10.20 (br s, 1 H), 7.89 (d, J= 8.0

Hz, 213), 7.77 (dBy 5 b@itng s o685b il 0ub o 41-7,37 %g N
3 H), 6.76’\}%% r 40 “ﬁg’ 3=6.9 Hz, 2 H), 234 g?g LA ?:f ans2
Hz, 3 H): MST/Z %ﬁ OTeR ca‘“ﬁé‘?f(é%%%ﬁw v golid (76 mg): "H NMR (400
MHz, DMSO-dg) 8 7.70 (d, J = 15.7 Hz, 1 H), 7.59 (4, J = 8.7 Hz, 2 H), 7.22 (d, J
=157Hz, 1 H), 7.02 (3, J=8.7 Hz, 2 H), 6.48 (brs, 4 H), 442 (q,J=7.1 Hz, 2
10 H),3.79 (s, 3 H), 232 (s, 3 H), 1.35 (t, J = 7.1 Hz, 3 H); MS m/ 395, caled 395
(C20H22N503+H).

EXAMPLE 24
H-N
3
S
HaN | SNV
O N/ =
N s)
15 i-methylpiperidin-4-y1 5-amino-6-[(3-methyl-1H-pyrazol-5 ~yDamino]-2-[(E)-2-
phenylvinyl]pyrimidine-4-carboxylate

A mixture of Example 18 (4.5 g, 12.3 mmol, 1 equiv) and 4-hydroxy-N-

methyl piperidine (40 mL) was slowly added titanivm isopropoxide (1 mL). The

20  reaction was heated to reflux overnight. The excess of the alcohol was distilled off
and the resultant solid was purified by column chromatography on silica gel nsing

3 % methanol in dichloromethane to afford Example 24 as a yellow solid (1.55 g,

29 %): '"H NMR (400 MHz, DMSO-ds) & 12.11 (s, 1 H), 9.49 (s, 1 H), 7.64-7.62

(m, 2 H), 7.53 (d, /= 16.0 Hz, | H), 7.40-7.27 (m, 3 H), 7.05-6.98 (m, 3 H), 6.76
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WO 2007/04135 CT/USZOO6/038174 EXAMPLE 21
HZY 20671041850

5-amino-2-[(E)-2- (4 methylphenyl)vmyl] -6-[(3-methyl- 1H- pyra20|C /US2006/038174
yl)amlno]péglmldlne -4-carboxylate 5 By substituting

trans-2-(4 étﬁ)iﬁk%@r{m)\lum&?éﬁé%&uﬁdﬂ;raﬁﬁ @; phdddrmbdidhit97-1.93
acid was 0

' DMSO- dec)méa%z 13161(75)’?2&?,%01@ ﬂ(g;g(,%gH%gg? %55%% r(%% %gﬁll\)ng%lin(d J
=7.9 Hz, 2 H), 7.02-7.00 (m. 3 H), 6.78 (s, | H), 4.34 (q, J = 7.1 Hz, 2 H),
2.3310 (s, 6 H), 1.34 (t, J= 7.1 Hz, 3 HIXM3PLE22379, caled 379
(C20H22N602+H). EXAMPLE 22 Ht4 N~ HN" HZN N ~O IN F o Ifl

ethyl 5-amino-2-[(E)-2-(3-fluoropbenyl)vinyl]-6- %elhyl-lH-pyrazol-S- 15
yl)amino]pyrimidine-4-carboxylate By substitiifing
trans-2-(3-fluoropbenyl)vinylboronic ac:lida -2- phenylvinylboronic
acid was obtained a light-yellow so |d MR (400 MHz,
DMSO-d6) 8 12.11 (br s, 1 H), 9.51 ( 1 )ﬂ56 .38 AH)7147O4
20 (m, 4 H), 6.76 (s, | H), 4.33 (4 1ﬁzzH)231 H), 1.32 (t, J
=7.1 Hz, 3 H); MS m/z 383, e 383 (C19HI9FN602+H) 90 WO

2007/041358 PCTIUS20061038174 EXAMPLE 23 HNN--N~ HN"
N-(2 —morphholm-4-y ethyl)-5-amino-6-{(3-methyl-1H-pyrazol-5-yl)amino}-2-

INN~-," N~ HN"

[(E)-2-phenylvinyllpyrimidine~4-carboxamide

To a mixtuwre of Example 18 (2.5 g, 6.9 mmol, 1 equiv) in dry
10 dichloromethane and 2-morpholin-4-ylethylamine (1.8 g, 13.7 mmol, 2 equiv) at 0
' °C was added trimethylaluminivm (28 mL, 54.8 mmol, § equiv) dropwise in about
one hour. The reaction was brought to room temperature and stirred for another 4
hours. The reaction was carefully quenched with 1.5 N hydrochloric acid (20 mL).
The resultant solid was collected and purified by column chromatography on
15  silica gel using 4 % methanol in dichloromethane to yield Example 25 as a yellow
solid (1.1 g, 36 %): 'H NMR (400 MHz, DMSO-ds) & 12.08 (s, 1 H), 934 (5, 1
H), 8.75 (s, 1 H), 7.64-7.60 (m, 3 H), 7.42-7.39 (m, 2 H), 7.30 (m, 1 H), 7.14 (5, 2
H), 7.02 (4, /= 16.0 Hz, 1 H), 6.77 (5, 1 H), 3.61-3.59 (m, 4 H), 3.41-3.38 (m, 2

H), 2.53-2.49 (m, 6 H), 2.29 (s, 3 H); MS m/z 449, clcad 449 (Cy3HosNgOy+H).

20

92



H2N \sO I'N N @QWe ethyl
S5vaRerad(E)y ---.methoxyphenyl)vinyl]-6-[(3-methyldpyrazlgk,?ﬁjsze%mmﬂ
yl)amino]pyrimidine-4-carboxylate 5 By substituting
trans-2-(4-methoxyphenyl)vinylboronic_acid for trans-2- phenylvinylboronic

acid was obtained a light-yellow solid EP6AMGEE BONMR (400 MHz,
DMSO-d6) S 7.70 (d, J= 15.7 Hz, | H), 7.59 (d, J= 8.7 Hz, 2 H), 7.22 (d, J
=15.7 Hz, 1 H), 7.02 (d, J = 8.7 Hz, 2H)a§g>pr_s 4H),442(q,J=7.1

Hz, 2 10 H), 3.79 (s, 3 H), 2.32 (s, 3 H) J=7.1Hz,3H);MSn/z
395, calcd 395 (C20H22N603+H). EXA I!\_EE 24 HN-N HN"H2N N N i

N,,,J O 15
1- methylplperldln -4-y15-amino-6 [’(Q

12.3 mmol, | equiv) and 4-hydroxy-N methyl piperidine (40 mL) was slowly
added titamghvidolifopesadd {1 nmeyolrhal)20ineeHoR) Wahtrdtey lipyréflidine4-
overnight. The excess of the alcohol wagdistiigd off and the resultant

solid was purified by column chromatography on silica gel using 3 %
methanol in dichloromethane to afford Example 24 as a yellow solid (1.55

g, 29 %): 1H NMR {iB6iMie cOMBRAE) Salatld eyl ), 8 dih{Sobmidine-6-

7.64-7.62 choials Hodtf 25 d .
7.05-6.98 éem O:% H) %{6 9% VO %c%?fo%l %ﬁééooes%t%ﬁ’ﬂe rgpetion
m

H), 4.88 ( 2048, Bramlp () w)o@taﬂew@qlgle 26 as a light-
1.97-1. 933’@**?"@3'91?9113@?32)6’91(1%@ EPOMBIN NG 36 (br s, 1 H), 7.85 (4,

(C231d2 7N DR bt M 5 39 (NN 7.33.7.48 m, 4 1), 719 (0, 7= 16.0 Fiz, 1

H), 6.40 (br s, 1 H), 3.89 (s, 3 H), 2.27 (s, 3 H); MS m/z 336, calcd 336
(CisH17NsO5+H). |

EXAMPLE 27
al
B
ol NAS/
15 Gy

4,6—dich}oro-2-(methylsulfonyl)pyﬁ;nidine _

Commercially available 4,6-dichioro-2-methylthiopyrimidine (Aldrich,

21.0 g, 107.0 mmol, 1 equiv) was dissolved in dichloromethane and cooled with

20 an ice-bath. 3-chlorobenzoyl peroxide (60.0 g, 77% wi, 268.0 mmol, 2.5 equiv)
was added in small portions. The resulting white suspension was stirred at room
temperature for 4 hours, washed with 1 M sodivm thiosulfate/saturated sodium
bicarbonate (1:1, v/v, 200 mL x 3) and saturated sodium bicarbonaie (106 mL x

3), and brine (100 mL x 1). The organic solution was dried and concentrated

25  under reduced pressure. After drying wnder high vacuum for overnight Example
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HN" HZN IN NW“S 0, -

5(2- i ylethyl)-5-amino-6-[(3-methyl-IH-p ol-5-yl)aminol]-2-
[I\(ké)%zizﬂgk{/gar‘r:{/}l%#nyl]pyrimidine-4-carboxamide To a mixture of Ex%%r&}gz%gﬁl 038174
(2.5 g, 6.9 mmol, 1 equiv) in dry 10 dichloromethane and
2-morpholit¥4WastioHaingheasl B Gviils. Botidio(22. @iV 186)0 Krwie20a@isd ethyl
trimethylalygpinim B, Pﬁv@s' about one
hour. The Eeaction xv%gs)rlglrkosu%%? tj(? ’rrgég%nd%ﬁgﬁej%}qérze %nﬁé@ried for
another 4 hours. The reaction was carefully quenched with 1.5 N
hydrochloric acid (20 mL). The resultagikgalidnpas collected and purified
by column chromatography on 15 silica %c?l using 4 % methanol in
dichloromethane to yield Example 25 as g yellow solid (1.1 g, 36 %): 'H
NMR (400 MHz, DMSO-d6) S 12.08 (s{1H), 9.34 (s, 1 H), 8.75 (s, 1 H),
7.64-7.60 (m, 3 H), 7.42-7.39 (m, 2 &30, | H), 7.14 (s, 2 H), 7.02
(d, J=16.0 Hz, 1 H), 6.77 (s, | H), 3.61-3.59 (M4 H¥%3.41-3.38 (m, 2 H),
2.53-2,49 (m, 6 H), 2.29 (s, 3 H); MS m/z 449, cI09
(C23H523N302+H). 20 92 WO 2007/041358 PCT/US2006/038174
EXAMPLE 26 HNN-N HN*#-digifgdyiphenylethynylpyrimidine
6-[(3-methyl-IH-pyrazol-5-yl)amino]-2-[(E)-2-phenylvinyllpyrimidine-4-
carboxylate 5B jtyti Ao jlable methyl. .

o a-diohloropy i b b s B 1 Bt A isotva in ambycrons
2,6-dich|or§3%h¥@i8ﬁ%ﬁnia%§%%%f‘é ifPthadebetiBrersiagaiinoe nseresivm
to praducestdmidenieod tivas bt dined: kyaomien2 62am ankah!1 ehewvsolid added
(30 mg): 'HNMR 3 -g6)[;§103 br s I% 85 (d,1Q.)=

16.0 Hz, 1 H). 75@%2& r‘%bgz)sl\é 133" .‘Z§°Z%‘(’?° il éizd‘,gﬂ'%’(i &o ?]é? room
| H), 6.40 FEFRSTaRp foy gepraishty filgied ith ety apeim(Z0938l satedigged to 1 N

hydrochleric acid (200 mL). The mixture was vigorously stirred for 5 minutes.

The organic layer was collected, and the aqueous layer was extracted with more

15  ethyl acetate (100 mL x 2). The combined organic solution was dried over
NayS04, concentrated under reduced pressure, and dried under high vacuum for
overnight to afford the Example 28 as an off-white solid (5.00 g, quantitative): Ry
0.75 (20% ethyl acetate/hexane); MS m/z 249, caled 249 (CiHgN,Clo+H),

20 EXAMPLE 29
nN—-NH

1
HN 4

fN
/
Cl” °N

6-chloro-N-(3-methyl-1H-pyrazol-5-y1)-2-(phenylethynyl)pyrimidin-4-amine

=
\i\

=

Example 28 (5.00 g, 20.00 mmol, 1 equiv) was dissolved in aphydrous
25  dimethylacetamide (20 mL). 5-Methyl-2-aminopyrazole (2.14 g, 22.00 mmol, 1.1
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(Ct8Hi7N502+H AMPLE 27 ClI " ,N CI NxS~ 15 4,

GoethChITRadsém sulfonyl)pyrimi dine Commerciall 21lablg, oy s2006/038174
4,6-dichloro-2- methylthlopyrlmldlne (Aldrich, 21.0 g, 107.0 mrnol, 1 equiv)

was dissolved.in dichloromethan cool th 20 n ice-bath,
3- chlorobeé | p&¥¥He e@%lo %8}9, g%qﬁ@’}l%sand di-
added in smmpmmﬁmear@smnnwmmmpmmmamw he solution

room temperatue: il RORYS, WATART MM Gl
thiosulfate/saturated sodium tﬂ),lcarb%%’a(ieé(Eldljt.'lgI \ﬁv 200 ?ﬁﬁ?(lr%%dlluéed with ethyl
00 mLxnp, dried

saturated ¥5HSHE Haidonate¢ B Tbsatey, S&ﬁﬂ“ﬁr‘ﬁﬁ“é“@f@ﬁt?r{
organic sdnmomnuaﬁrdﬂedmm} qefneRatpiatuis UnderfsatbcedRIeSeitict was

After dry| r overnight Examp o
50071041 S BE |L%00%%§81°% m%@%‘%tamed gélaawrﬁ‘t% sofiRe LG 4%
g, 91%): RISy Sehicsmpyitaretateié Bnepivg sy 2 2dioveatdd 2271 g, 89%):
(CSHAC12NE A2 SstbhherbiMBdHorfndiatedN 112 NMR (300 MHz, DMSO~dg) 812.13

T o R S y”m'%'iﬁxf?gﬂﬁﬁ R 95 (o

cooléé to s2010), Py ldityiSnyiniagnedidil 0@y ramiiN(22.00 mL, 1.0
M in tetrahydrofuran, 22.00 mmol, 1.1 equiv) was added dropwise with
vigorous stirring. The solution was stirred from -20 C to room temperature
for overnight, diluted with ethyl acetat&<{389hE)>and added to 1 N
“hydrochloric acid (200 mL). The mixture was,w;mously stirred for 5
minutes. The organic layer was collected gueous layer was
extracted with more 15 ethyl acetate (10(5“‘l L x 2). The combined organic
solution was dried over Na2S04, conceftrated under reduced pressure,
and dried under high vacuum for ight#o-afford the Example 28 as
an off-white solid (5.00 g, quantit/ '@ Rp

6-(4-methylpiperazin-1-y1)-N-(3-methyl-1 H-pyrazol-5-y1)-2-
15 (phenylethynyl)pyrimidin-4-amine

Example 29 (2.80 g, 9.04 mmol, 1 equiv) was dissolved in anhydrous 1,4-
dioxane (10 ml). N-methylpiperazine (1.10 ml, 9.92 mmol, 1.1 equiv), 4-
dimethylaminopyridine  (0.055 g, 0.45 mmol, 0.05 equiv), and di-
20  isopropylethylamine (1.89 mL, 10.85 mmol, 1.2 equiv) were added. The solution
was stirred at 100 °C for 2 hours, cooled to room temperature, and concentrated
under reduced pressure. The residue was purified with flash chromatography on
silica gel using 0%~10% methanol/dichioromethane to give the Example 30 as a
light-yellow solid (3.00 g, 89%): R; 0.10 (5% methanol/dichloromethane); 'H
25  NMR (306 MHz, DMSO-dg) 5 11.90 (br s, 1 H), 9.43 (s, 1 H), 7.57 (d, J= 7.5 Hz,
2 H}, 7.40-7.50 (m, 3 H), 6.80 (br s, 1 H), 5.82 (s, 1 H), 3.51 (brs, 4 H), 2.43 (br

8,4 1), 2.27 (s, 3 H), 2.18 (5, 3 H); MS m/z 374, caled 374 (CotHuaN+H).
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0.75 (20% ethyl ate/hexane); MS m/z 249, caled 2

(G afrisd 20-EXAMPLE 29 N-NH 1 HN CI i

G%ﬁ%gfg‘/N -(3- iethy] 1H-pyrazol-5-yl)-2- (phenylethynyl)pynm|d|1F1C f(é?%(l}ggossim
Example 28 (5.00 g, 20.00 mmol, 1 equiv) was dissolved in anhydrous 25
dimethylacetanlide (20 mL). 5-Methyl-E&AIdy &Hzole (2.14 g, 22.00

mmol, 1.1 94 WO 20071041358 PCT/USZOO}@L@@BlM equiv), sodium

iodide (3.60 g, 24.00 mmol, 1.2 equiv), and mepylethylamine (4.18

mL, 24.00 mmol, 1.2 equiv) were added. T#He solution was heated at 90 C

for overnight, cooled to room temperatur tyted with ethyl acetate (200

mL), washed with saturated sodium (o]0 nL x 3), dried 5 and
concentrated under reduced pressur NI'heNresuItlng fle product was

purified with flash chromatograp Silica gel using™&®
methanol/dichloremaeﬂibal@eptpeydeiﬁlEWE&&@&%@M&%EQ@)@-@&)%
89%): Rf0.40 (5% methanol/dlg}%or me{fanen)i/d 300 MHz,
DMSO-d6) S 12.13 (brs, 1 H), B3 émb’“ 7.5 Hz, 2 H),
7.7.4077.60 (m, 4 H), 5.95 (br 10's, 1 H), 2.22 (s, 3 H) MS m/z 310, calcd

gl(a (Cl(?]HﬁZClm&d‘rh?leE%'%mEﬁ@ 8b-Moi! H%%ﬁ% GMS'\&SSMMCI in anhydrous
methylpiperazin-1-y)LN-(3-m azol-5-yl

(phenylethynyip %‘If%lr int éé\‘ i% EX% © 86 atgrolgg%rﬁ.gfn*im aluminum
equiv) waélﬁ%xié&lmﬁnﬁyméus @Whﬁ@cﬁm@t(,lmﬁﬁln)mol 0.83 equiv) was added

N- methy'D@ﬁﬁ%h@e‘(&thaﬁiﬁ-’s%r%ggmm b RAUN 4 stmed ffom 0 °C to room
dime Iamlno 1){mdl (%g 0 45 mmol, 0.05 equiv), ap
isopropylethya mlner;(LY IS ORSETHTASE 25 Zathiivg t\‘1\/(@@re aﬁ@eﬁ]o"fﬁe‘l"e""h"d

solution mth methanol (5 mL). Saturated sodium potassium tartrate (500 mL) was added

to the reaction mixture. The resulting suspension was rapidly stirred at room

temperature until a clear solution was obtained, The solution was then extracted

with ethyl acetate (100 mL x 5). The combined extracts were dried and

15 concentrated under reduced pressure. Flash chromatography on silica gel with

0%~8% methanol/dichloromethane afforded Example 31 as an off-white solid

(1.55 g, 61%): Ry 0.30 (10% methanol/dichloromethane); 'H NMR (300 MHz,

DMSO-ds) 8 11.80 (brs, 1 H), 9.08 (s, 1 H), 7.72 (d, J= 159 Hz, 1 H), 7.63 (d, J

=72 Hz, 2 H),7.28-7.45 (m, 3 H), 6.92 (4, J = 15.9 Hz, 1 H), 6.62 (br s, 1 H),

20 595(s, 1 H),3.56 (brs,4H), 2.45 (brs, 4 H), 2.26 (s, 3 H), 2.20 (s, 3 H); MS m/z
376, caled 376 (CorHosNy+H).

Example 31 was also made via Scheme 6 as described below.
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was stirred at 1(&i'-for 2 hours, cooled to room temaﬁgre, and

GRBCRPHaeeksU reduced pressure. The residue urifigg- itk dasthse 174
chromatography on silica gel using 0%-10% methanol/dichloromethane to -

give the Example 30 as a light-yellow_sgli 3.%%‘?, 89%): Rf 0.10 (5%
methanol/diclhloromethane); 1H 25 N z, DMSO-d6) 8 11.90
(brs, 1 H), 9.43 (s, | H), 7.57 (d, J= 7.5 Hz, 2H)7.40-7.50 (m, 3 H), 6.80
(brs, 111),5.82 (s, | H), 3.51 (br s, 4 H), 2.431@?’*5: 4 H), 2.27 (s, 3 H),
2.18 (s, 3 H); MS m/z 374, calcd 374 (Cz'i 23N7+H). 95 WO
2007/041358 qW Mr- PCP/US2006/038 EXAMB 1 N.NH I HN
~N rN N 6-(4-methylpiperazin-1- T Mm@ﬂ@zol-S-yl)-z-[(E)-z
phenylvinyl]pyrimidin-4-amine 5 Exa pIe%O (2.54 g, 6.80 mmol, | equiv)
was dissolved in anhydrous tetéh?ﬂ%furan (50 mL) and cooled with an
ice-water bath. L4ttfansthtiripmesin- Ry D6 (518hyn L dvbirs-y1)-2-[(2)-2-
tetrahydrofuran, 5.61 mmol, 0-%§eﬁM}g‘@%ﬁ%§$Qﬁ%¥éWise with rapid

stirring. The solution was stirred from 0 C to room 10 temperture for 12

hours. The reaction was cooled to 0 C and slowly quenched with

methanol (5 mL)E-8awiraléd3Sodg. h ipotassiymatadisaiB B G0 dihk) ¥¥aSte/methanol
added to ghe reaction gixtuse. Tk rﬁ}_ﬁmti nsign.was, r 'dd?

stirred at r(t%% eﬁmﬁ%%ﬁrﬁﬁﬁﬁn&c ear s%%)?i%%gv%g 0 rtgliﬁae"’agpiih-% mg) were
solution waS then & XHFRERSH™WitA Lusorsdetate kboatn srbyapitiy stired under an
combinedbertreetsavergpliried aind) forcpneaairatesh UoES/H QG red off with a

pressgire. fagh ghromategranhy.on.silica gel with 0%6:-8% : .
methanol/dichlorom(()éétzr%ne affordee‘gagfgﬁgg?g %Vi! a%n%r%]h S Ao PR s prified with
(1.55 g, 6P EIE. 3000P08s e FRIFBRREFBIY methanelicl NMR (36Bg  10%

Il\_I/IHZ7 , 62M&ﬂmﬁ7)/&aﬂoaﬁname ZItHédacD&)(&niBf)BgazzagjoJﬁgw%gegsﬂﬁ I%sz mg,
), 662 (o DRSS bSO Gob St hgso-ao
(s, 3 H), 226-(8 15, B )2 (376 HalctBIA6 A€ FHIENTHNIY. 15-7.30 (m, 3 H),
15 6.77(d, J=12.5 Hz, 1 H), 6.50 (brs, 1 H), 6.36(d,J=12.5 Hz, 1 H),5.74 (5, 1
H), 3.35-3.50 (m, 4 H), 2.65-2.80 (m, 4 H), 2.56 (5, 3 ), 2.13 (s, 3 H); LRMS m/z

376, caled 376 {Cy HosNAHH).

20

4,6-dich}oro-2~{(E)~2~phenylvinyi]p3a'i1nidine

To a rapidly stirred suspension of Rieke Mg (4.81 g, 260 mmol, 1.5 equiv)
in tetrahydrofuran under nitrogen was added a tetrahydrofuran solution of B-
25  bromostyrene (mixture of cis and trans, 29.00 g, 160 mmol, 1.2 equiv) dropwise
in such a rate that the reaction temperature was maintained between 40-60 °C
throughout the entire addition process. After the addition, the resulting deep-red
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Example 31 wasgalso made via Scheme 6 as describe, low. 96 WO
20074013552 MHIS2006/035174 EXAMPLE 32 N-MF-HN \WeNihNoMerbas 174
6-(4-methylpiperazin-1-YI)-N-(3-methyl-I H-pyrazol-5-yl)-2-[(Z)-2-

phenylviny ﬁ&ﬁi@ﬁmldln- -amine 5 Examg{le 30 (38 mg, 0.10 nrmol) was
dissolved 0 e d9RHbLIeTEReTAtG thrs hmimessiAad slovdyoded via a
mL) and Lﬁodlﬂa-snﬂa&h;:sﬁl&ﬁmg):%@ (ad degi xéﬂaaﬁmmemmaaf Example
de-gasse r n red under.an. hydro

atmosphedrlzv i%t%?r% fg?%%l&%?g%% e%gilgl%g Wastﬁtgllrﬂég(f B Was Bmd from

small celit?Hd tarrromiiemecrpincchnddmmasdeditthedSEicnd mched with the

purifiesl wighoarspasadiviedhig-laysr ﬁi?dﬂmﬂéﬁﬁf%@m OBGiIiee 98HdSIRGiure was
10% methanolng?%géoromet ane to ield 6%‘%(3 32 as an off-white solid

(32 mg, S0 GAS TR PR B MR ST AR e R Rt ety
MHz, DM@@I@@) (@qmw@, ethi) 2@ (yerldys 7s@8utkd)=wadddzpah | N

H), 7.15- 7@@;@%1&&4&3@@{7&1 4 Lg&eﬁé%&%e;rt&c@@ﬁesm
(d, J=12. Zl@lg574 35-3.50 (m, 4 H), 2.65-2.80 (m

2.56 (a, 3 ot WhSRRIRL I i Hasapep ey %@E‘imﬂs’maﬁ with 0-
EXAMPLE 33! dctiteDedafedicyitdd G2 (R 23phanigvinyyllpyriolidige. 20qz, ~9:1
a rapidly S{itFReSUSRERSIORERT %@Mﬁt@&&aﬁe@ 5 NobP EIHEIRC

tetrahydrofuran under nitrogen was added atetra ofuran saltion of (
25 bromoéx}%n ‘mixture of cis and trans, 29.00 g, 160 mmol, 1.2 equiv)

~dropwise in summemmsmmmﬁmmammwaﬁmmmneQw
between 40- 60 C

15 —— EXAI\IPLEM
| NN

@chiomw-@-methyiu1H-pymz01;s»Yi}z‘-[(E);'z~pheny1ﬁny1}pyﬁmidin4~amine--

Example 33 (14 20 g, 56.55 mmol, 1 equiv) was dissolved in anhydrous

- 20 dm;ethylacetamde (1{}0 mL) 5-Methy1-3—ammopymzo§e (6.60 g, 68.00 mmol,

- 1 2 eqmv), sodmm 1od1de (2. 70 g 84.73 mmol 1.5 equw), and di-

1sopropyleﬂxy1amme (14 76 mL 84.73 mimol; 1.5 equiv) were added. The solution -

was stm:ed at 90 °C for 12 hours; cooled to room temperature, dituted with ethyl

acetate’ (500 mL), washed with water (500 ml % 1), saturated sodium bicarbonate

25 (200 mL x 3), and brine (100 mL x 1), dried, and concentrated under reduced

pressure. The resulting semi-solid was suspended in minimum dichioromethane

(15 mL) with rapid swirling, and the fine precipitates were collected by filtration,

washed with dichloromethane/hexane (1:1, v/v, 10 mL x 4), and dried under high

vacuurn for overnight to yield Example 34 as an off-white solid (8.75 g, 50%,

30 #ans only): Ry 0.75 (10% methanol/dichioromethane); 'H NMR (300 MHz,
98



throughout the gg@idire addition process. After the additigi ~the resulting

deerieroQ7syV8#10071041358 PCTIUS2006/03817 MBlution yas: aiiafhssita
at room temperature for 30 minutes and slowly added via a double-ended

30,00 o ISR ) SRS LRl P B sa i e a0, =

from - -205Q Hzradm, temgeeawe4fm47bomyeopie}n@ 120)G. A, 1 ), 2.24 (s,
quenche%\yﬂhhqiemg gfgp\%lg@ﬁg? drochloric acid (200 mL).
at oom

The mixture Was  conceritrate rature under reduced
pressure and extrastaly dtrastse %@@ﬁtéﬂ@@@ FohomT hascivijtaettatew.
layer was separated, washed with | N hydrochloric acid (200 mL x 3),
dried, and concentrated under reduced pressure. The crude product was
purified with flash chromatography on%ﬁ%‘eﬁﬁﬂh 0 10 2% ethyl
acetate/hexane to yield Example 33 as a lig ow solid (14.20 g, -9:1
traps/cis, 43%): Rr 0.60 (5% ethyl acetat hmrMS m/z 251, calcd

251 (Ci2H8- C12N2+11). Example 33 v:glso synthesized via Scheme 6 -

as indicated below. 15 EXAMPLE 34 N i HN IAN CA N~

6-chloro-N-(3-methyl-IH-pyrazol-5-yt~4 Q) I]pyrlmldln -4-ami
ne Example 33 (14.20 g, 56. 55/ ol 3 diS$

anhydrous 20 dimethylacetamide (100 mL). 5- Methyl- -aminopyrazole
(6.60 g, 68.00 nfrifbfethslegemainsbetih Gomediit DHr Dy 78 Marbdl)-2-5

equiv), and di- isopropylethylarpiagy{kt, 1B mkidd-L3mme!, 1.5 equiv)
Wereléldded The solution was stirred at 90 C for 12 hours, cooled to room

temperature, diluted with ethyl acetate (500 mL), washed with water (500
mL x 1), saturatEH BB Gid2rBoRse8 250300 eALIY amdidsbivee i 0F-dioxane

ml, x 1), dtigdxand mx;aaﬂ@t@%ﬂféer(aq@uq%ﬂ pwr%&@ﬁ resultingyy, 4-
semi- SO|IC%1 gﬁ%% en in m 8 um dlcmosrometh &]?5 mL) with

rapid swirling, ﬁm ne prech) ateSvers collggflé’ tiivy,  and  di-
washed W?ﬂ?r@lﬁﬂ?&m%e?ﬁéﬁar@ 00: syl 1.6 munmmmmdemhe solution

undas highayagsmifoseue rioht teuield Gxam 9&%&4&%&%@ whiteoselidrated

8.75 g, 50%, 30.tra sonl 0.75 (10% methanol/dj Ioromethane
g_H Nl\glj R g% ?_\Jce presQQreR{"he I'ES'IE%IB vgas purifie 8 flash chromatography on

silica gel wsing 0-8% methanol/dichloromethane to give Example 31 as a light-

yellow solid (3.56 g, 38%): Example 35 was also synthesized via Scheme 6 as

indicated below. AN analytical data were identical to those of Example 31
20 prepared by the alternate routes described.
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98 WO 2007/04 ‘PCT/US2006/038174 DMS0-d6).612.20 (s,1
H)dQoh6/ s dsk ¥ 83 (d, J=12.0 Hz,1 H), 7.73 (d, J= @-Hz, ?}m 2006/038174
7.36-7.48 (m, 4 H), 7.07 (d, J= 12.0 Hz, 1 H), 5.78 (s, 1 H), 2.24 (s, § :
MS m/z 312, calcd 312 (Cj6H14CIN5+H). Example 34 was also

synthesized via Scheme 6 as indicate8 ES&EXAMPLE 35 WNH HN
N r'N N 6-(4-methylpiperazin-| -yl)-§-(3-methyl-IH-pyrazol-5-yl)-2-[(E)-2-
phenylvinyl]pyrimidin-4-amine , 10 le 34 (7.79 g, 25.00 mmol, 1
equiv) was dissolved in 1,4-dioXane L). N-Methylpiperazine (4.16

mL, 37.50 mmol, 1.5 equiv), 4- dimeth "gl % .15 g, 1.25 mmol,
0.05 equiv), and di- isopropylethylamine (6.97 mi. %mmol, 1.6 equiv)
were added. The solution 15 was stirred at 100 C for 48 Rours, cooled to
room temperature, and concentrated under reduced pressure. The

residue was purifiddSihnERThomaaErapry B rifed yer bRE BB s
methanol/dichloromethane to give Example 31 as a light- yellow solid

(3.56 g, 38%): Example 35 was also synthesized via Scheme 6 as

indicated below. RIFa#HENRI¢4P datd RRPamieR ritrscAddsdofurar brarisiecdd methyl

20 preparedebyiae gltesatenIien R BRYi RS MO 209043358 mmol). The

PCTIUS2006/038174 EXAN{}PLE 36 c[%eo /I\1/NOQH N NO2 OH

methyl 4-(ET SN IB RS ‘fﬁtz‘f%‘i‘frggh N EiASHSer 26 4action mixture was then
cooled to room temperature and methanot (10 mL) was added followed by diethyl
ether (100 mi). The solid obtained was filtered and washed with 5%

10 hydrochloric acid to afford Example 36 (2.0 g). 'H NMR (400 MHz, DMSO-dg):
8 8.3 (br, 1H), 8.0-8.2 (m, 3H), 7.4 (d, 2H, J= 8Hz), 6.9 (4, 1H, /= 16.4Hz),

3.88(s, 3H).
EXAMPLE 36A
O
MeO
= ! N\ a
is Cl

methyl 4-[(£)-2-(3,5-dichloro-4-nitrophenyl)vinylJbenzoate

Example 36 (6 g, 19.8 mmol) was treated with phosphorous oxychloride
(21 mL, 229 mmol) followed by drop-wise addition of diethylaniline (9.5 mL,
20 59.6 mmol). The reaction mixture was heated to 80 °C overnight. The reaction
mixture was then poured into crushed ice and the resulting solid collected and
dried. The compound was then purified by column chromatography. 10% ethyl
acetate:hexane was used as the eluent to give Example 36A (1.7 g). "H NMR
{400 Mz, CDCI3): § 8.0-8.2 (m, 3H), 7.70 (m, 2H), 7.47 (4, 2H, J= 8Hz), 7.22

25 (4, 1H, /= 16.4Hz), 3.95(s, 3H].
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5 To Example 1 (&4, 11.69 mmol) was added 4-formyl_benzoic acid

meatbyhesian{s .88y, 46.76 mmol) followed by piperid g0 mﬁ*c%%@?oos 038174

nunol). The reaction mixture was heated at 90 C for 4 hours. The reaction

mixture was then cooled to room temperature and methanol (10 mL) was

added followed by diethyl ether (100 mL). The solid obtained was filtered

and washed with 5% 10 hydrochloric agigt ig,affasd-Example 36 (2.0 g). 'H

NMR (400 MHz, DMSO-d6): S 8.3 (br, 1H), 8.0-8.2 (m, 311), 7.4 (d, 2H,

J=8Hz), 6.9 (d, 1H, J= 16.4Hz), 3.8

Cl N NO2 15 CI methyl MeO

4-[(E)-2-(3,5-dichloro-4-nitrophenyl)vinjd{benzoate Bx le 36 (6 g,19.8

mmol) was treated with phosphorous oxychlondq\} (22t mL, 229 mmol)

followed by drop-wise addition of diethylaniline (9.5fmMLN@0 59.6 nmaol).

The reaction mixture was heated to 80 C overnightN eaction mixture

was then poured into crushed ice and the resulting sqli llected and

dried. The compou %was then urlfled by column chromatography. 10%

ethyl acetate:heXBHEhASEket Aaghllﬂﬁ’ i@n@f‘é"glvgfﬂ%ﬁﬁﬁﬂ@wm@@

1H NMR (400 MHz, CDC13): &ittfyBidim23)vikyiDdmpead 1), 7.47 (d,

2H, J 8Hz), 7.22 25 (d, lll, J= 16.411z), 3.95(s, 3H). 100 MEL WO

2007/041358 PCT/U82006/038174 EXAMPLE 37 O MeO\ N Cl N,NO2

HN 1Y’ N-NH To a solution of Example 36A (1.55 g, 4.39 mmol} in tetrahydrofuran (30
ml) was added triethylamine (1.1 mL, 7.9 mmol} under nitrogen atmosphere at
room temperature (30 °C). After 15 minutes, 5-amino-2-methyl-pyrazzole (426

10 mg, 4.39 mmol) in tetrahydrofuran (10 mL) was added drop-wise 1o the reaction

mixture. After § hours the reaction mixture was evaporated to dryness, The solid

obtained was triturated with ethyl acetate and hexane to obtain Example 37 (1.8
1
g)- 'HNMR (400 MHz, DMSO-dg): & 12.1 (br, 1H), 9.75 (br, 1H), 8.08 (m, 3H),
7.69 (d, 1H, J= 8.4Hz), 7.13 (4, 1H, J=~ 16Hz), 6.66 (s, 1H), 3.94 (s, 3H), 2.17 (5,
15 3H). MS (n/z) 415 (M +1).

methyl 4-((£)-2- {4-(4-methylpiperazin-1 “yD)-6-[(3-methyl-1 H-pyrazol-5-
20 yhamino]-5-nitropyrimidin-2-y1} vinyl)benzoate

To a solution of Example 37 (2.0 g, 4.83 mmol) in tetrahydrofuran (30

mL) was added triethylamine (1.0 mL, 7.3 mmol) under nitrogen atmosphere at

room temperature (30 °C). After 15 min, N-methylpiperazine (483 mg, 4.83
1{%



methyl 4-((E)-2-{ggchloro-6-[(3-methyl-IH-pyrazol-5-y1)amino]-5 5
NivopuNidizsR - MPVinyl)benzoate To a solution of ExaMble 36A¢3/85:8s6/038174
4.39 mmol) in tetrahydrofuran (30 niL) was added triethylamine (1.1 mL,

7.9 mmol) r.ni atmosphere at room temperature (30 C). After |

15 mintne LB L T A AT G556 giton mixture,
tetrahydrofifien ¢E0heisyvibs sddéh dropwsisedo thepseaation dnidsye. The solid
After 5 howksatReIreaEHOR M IWAR W 1%@@%%@;3&&%63@&%@%%%% 38 (2.2

obtained was riklﬁ)rated with ethyl acetate and hexane to obtain Example —~ *
37 (1.8 g)PHNRR 0 MEHSIEMItREy sae purifisd hy-praparafips HRLL to give
8.08 (M, 3bike FAhnftl 181(1FenitHz), MR (dod Wods; H8HD.£5)66 (8.53Hb, 11),

3.94 (s, 3 L (Sl D 3D M 1(!31/) 15 +#],¢% AMPLE 38 O

MeN XNg,b‘g?r\]R’ @@Nﬁr\?ﬁ)ﬁ%l%’t%y 21%(?2’5‘325%:{2- Eéy%l’i%iﬁ-a@ﬁ-gg (s, 3H),
-yl)-6-[(3 -methyia EEpdaks, 118 B3(s, 3H), 2.09(s, 3H). MS (n/z) 479 (M + 1)
yl)amino]-5-nitropyrimldin-2-yl}vinyl)benzoate To a solution of Example 37

(2.0 g, 4.83 mmol) in tetrahydrofuran (%g%rgéﬁtw%s added triethylamine

(2.0 ml, 7.3 mmol) under nitrogen atmo &°foom temperature (30

C). After 15 min, N-methylpiperaz e (483 mg, 4.83 101 WO

20071041358 - PCT1US200§(Q38%¢4mmol) in tetra fgran (10 mL)

was added drop-wise to the reactio ture.. After 0Opp hdurs, the reaction
mixture was evaporated to dryness. The sofid BbtdnedWwas triturated with
ethyl acetate and hexane to obtain Example 38 @), A 500 mg of the

crude compound was purified by preparative HR® give 5 pure

Example 38 (150mg). 1H NMR (400 MHz, DMSCI)S-‘%()}:\%TO.% (br, 1H),

10.00 br, 111), 7.9-8.1(m, 511), 7.4 (m, 1H, J= 16 HZf"6.75 (s, 111), 3.88

(a, 3H), 3MRBAH(AHY, (5-anmo4tH) reBEniBefzR-0YS- 63D ndd Gy Rl 2} ghrfzol-5-
(M +1) EXAMPLE 39 0 ylamino]-pyrimidin-2-y1} vinylbenzoate

Tin (I} chloride dihydrate (1.0 g, 4.4 mmol) was dissolved in conc.

15 hydrochloric acid (1 mL, 9.04 mmol). The reaction mixture was stirred for 10

minutes and was then cooled to <10 °C. Example 38 (250 mg, 0.52 mmol) in

methanol (20 mL) was added drop-wise to the reaction mixture. The cooling was

removed and the teaction was stimed ovemight. The reaction mixture was

evaporated to 1/3™ volume then diluted with 40 mL of ethyl acetate. A solution of

20 1N NaOH (20 mL) was added to the reaction mixture. The organic layer was then

separated, dried and evaporated under reduced pressure. The crude solid obtained

was then purified by preparative HPLC to give 30mg of Example 39. "H NMR

(400 Mz, DMSO-dg} § 9.89 (br, 1H), 8.93(br, 1H), 7.96(d, 2H, J=8Hz), 7.77(4,

2H, J= 8Hz), 7.57(d, IH, J= 16Hz), 7.24(br, 1H), 7.17(d, 1H, J=16Hz), 7.11(br,

25 1H), 6.99(br, 1H), 6.58(s, 1H), 3.88 (s, 3H), 3.1-3.8 (m, 8H), 2.88 (s, 3H}), 2.31 (s,
3H). MS (m/#z) 449 (M + 1).
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MeO N N\ N,XNH2-HNC 10 N-NH methyl 4-((E)-2-

{Rr@nsfrids ylpiperazin-I-yl)-6-[(3-methyl- IH-F.Q\Q.l-S-Mi) S2006/038174
amino)-pyrimidin-2-yl } vinyl)benzoate Tin (ll) chloride dihydrate 11‘8 g, Afﬂ

mmol) was dissolved in conc. 15 hydrochloric acid gl mL, 9.04 mmol).
The reaction mixture was stirrem%hb% &hen cooled to
<10 C. Example 38 (250 mg, 0.52 mmol) in mgetipanol (20 mL) was added
drop-wise to the reaction mixture. The coolin removed and the
reaction was stirred overnight. The reactiof} mixture was evaporated to
113d volume then diluted with 40 mL of et etate. A solution of 20 IN
NaOH (20 mL) was added to the reastjqr g organic layer was

then separated, dried and evaporgted essure. The crude
solid obtained was then purified"by pfeparative HPLE40 give 30mg of

Example 38ytithdgiviet 6406 dtbiipiiaMSOLJ6)/S-Q-BR 1, L)y 830k H)j(£)-2-
I‘fﬁfdif?(’d‘? ?HF,'ZJ)’:ZéHz(%%ﬁ‘{g’?g’?ﬁl}ﬁ)Zf’%g ;l};gfﬁ)l@(g{z ?252141(2;: 3.88
(s, 31D, 3.1-3.8 (m, 814), 2.88 (a, 3H), 2.31 (s, 3H). MS (nlz) 449 (M + 1).
102 WO 2007/0%¢B58ikC Bhki SRR06I03BHFHvE XAMME IbMA REHEME . o,
o metry e RS OB i et i s
pheny|viny|%{;\%ﬁﬁdﬂwlﬁﬁ relehehiad CEDIBWhGltheckefergl The clear
narrative desbribaciabinve Jas Sahame-Goeanmne el yaavaillallty bubbled for 2
cinnagmonitele, {0 wag Hligsolyed.in \\?aarslrcl:\(c(sz%%%% seal and stirred for 15 hours at 0°C,
workup of the reaction mixture provided O-ethyl imidate HCI salt (100 gm);
"HNMR (200MHz, DMSO0-Dg): 11.63 (2H, bs), 7.98 (1H, &, J = 16.2Hz), 7.73-
7.32 (5K, m), 7.01 (1H, 4, J = 16.2Hz), 4.46 (2H,q), 1.41 (3H, t, J= 52Hz). O-
Ethyl imidate HC] salt (100g) in ethanol (500m]) was cooled to 0°C and a
15 methanol solution of dry ammonia (204 mi, 7N, 0.30 mol) was added. The
mixture was stirred at room temperature for 12 hours. The mixture was worked
up to provide intermediate-1 (80g, 89%); "H-NMR (200MHz, DMSO-Dg): 9.32
(2H, bs), 8.84 (2H, bs), 7.97 (1H, 4, J = 16.2Hz), 7.62-7.44 (5H, m), 6.81 (1H,
d, J=16.2Hz); M+ 147 (100%, m/z).
20 Intermediate-1 (80g) in methanol (80mi) had dimethyl malonate (80ml,
l.leq) added to it at room temperature. The mixture was cooled to 0°C and
NaOCH3 (44g, 4.4eq) was added slowly over 10 minutes. The light vellow-
white solution was heated to 90°C and refluxed for 4 hours. Work up provided
intermediate-2 (70g, 60%); 'H-NMR (200MHz, DMSO-Dq): 11.62 (2H, bs),
23 7.87 (1H, d, J=16.2Hz), 7.60-7.41 (5H, m), 6.85 (1H, 4, 7= 16.2Hz), 5.22 (1H,
§); M+ 215 (100%, m/z).
Intermediate-2 (70g) was slowly added in portions to 600 ml of POCH,.
The mixture was stirred for 4-6 hrs at 100°C. The reaction mixture was

concentrated under reduced pressure at 60°C until dryness. Work up gave
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toluene (1.19L) gd-absolute ethanol (287 ml, 0.91 m -eq). The clear

sedutian ehtzsnc®Mas cooled to -5C and dry HCI gas genthy-bribled g4
for 2 10 hours after which the reaction was closed to seal and stirred for

15 hours at QC, workup of the reagtion mix Vi -ethyl imidate _
HCI salt (188%%%‘%%\&\7% o &L%gﬁ%ﬁ)ﬁaﬂ%%ﬂéﬁgg d, J=
(21, LT Gyt oo & 20, o EAnvmidete HElsok (1000} n e

,q), 1. ,.J=5.2H7).. 0-  imi n
(500ml) was col_cl)](ﬂlc@:-a1 t%:‘%&ogng gti?mgi é%%%%sgélﬁt%gﬁgo% r§p a#hr%nl.ﬁé?]% % pria

(204 ml, 7NAYmd) st pddad Eensdar-Prralnamyieadandd M 8d 3 wdlVal (62.33g,
temperaturg 498 12 15PAHS DIFCANAILIIEAY Aoy RRKGHs HRAGIDRAEEErred at 90°C for

intermediate-1 ( 89%); IH-NMR (200MHz,.DMSO-D6); 9.32 (2H..DS) -0,
654 (011 DI KR S AT Ae B A Bt i e SHE ST
16.2Hz); M+H20R (R%Miiz D RGSMnsiniddiate 1, (BOL). b¥ MBHanbBIB0M.Y, J =

had dimethyf maiongie (B9mh, 1.4£9):3¢080:49 1 8 [@aMilemPRiatiye .22 (14,
The mixture W%Zooleﬁrgé and Nagg%B ?449, 4.4eq) was addej3 (

slowly over’th %ﬁl’\&%&?k%ﬂﬁﬁt@%‘?%ﬁyﬁ)hite solution was heated to 90C
and refluxed foritrowdEatévb (Kogp yro videdydd ter deciéitd- 2ipé0ginB QYY) ml) and
1H-NMR (200Mkiz, BMeQ:P Bkt 6%[@1?':15’%}1(125?7&&&@@9 %Qéﬁ%@azﬂ@hmget

7.60-7.41 (5H, m), 6.85 (1H, d, J= 16.2117). 5.22 (1H, s); M+ 215 (100%,
m/z). InternkSamRe 2268 gy e é%@%@g@‘iﬁ*ﬁo MSOD B0 IARJRE ). 9.18
POC13. THermixtareswes sfired daru)fies @H]Q0C. The 3edeHiomnbatuieH, 4,

was concentr r res il K
gave 103 v?/oaltﬁgi')w Odfi.gslgg%qé% /8’@2@3%76%58%%% ﬁ%e?ﬂgﬁg%ﬁ% i,% G,

85%)°'H-NRARZZDORTH 2D GO -O8): 7 0erge BT 2436me, Sp13gientg {2 FA in

m), 7.45-7. 2kdflinile) add 6. PRQ A 2R Q] O0R6rsilZDSTO- BB SO IR0, 5.0u).

intermediate-3 (70g, 0.2278 mole) in anhydrous DMA (400m1) was

added 5-methyl-3aminopyrazole (32.50g, 0.334 mol), Nal (62.33g, 5

0.418 mole) and DIPEA (54g, 1.48 méahEF e 4fixture was stirred at

90C for 12h. Work up and chromatographiggt#fication gave compound-4

(509, 57%); 1H-NMR (200MHz, DMSO-D6}. 242 (IH, s), 10.18 (1I-1, s),

7.83 (H, d, J= 16.2Hz), 7.71 (3H, m), 7%5-7.33 (3H, in), 7.12 (IH, d, J=

16.2Hz), 6.22 (1H, bs), 2.21 (3H, s); M (100%, m/z). 10

Intermediate-4 (50g) was dissoIde\iﬁ i zine (150 ml) and
—N cl

2-(4-chiorostyry-N-(5-methyl-1 H-pyrazol-3-y})-6-(4-methyipiperazin-1-
vhpyrimidin-4-amine

20
Example 49 was synthesized via Scheme 6 according to the general
scheme provided above with the appropriate starting matetdals 3-(4-
chlorophenyllacryloniirile, 5-methyl-1H-pyrazole-3-amine, and -
methylpiperazine. Stmcture of the target was confirmed by 'H-NMR. The 'H-
25 NMR is attached.
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heated at 110C&1— hour. Work up and crystallization provided the target

: %); 1H-NMR (200MHz, DMSO-D‘fl..QZ 1H. s
5’*&%%%1_’73%%97.76 (111, d, J= 16.2Hz), 7.62 (211, m), 7.41-7. @ﬁ%ﬂ‘}?’mm
6.91 (1H, d, J=16.2Hz), 6.61 (1H, bs), 6.01 é}lH, bs), 3.57 (4H, m), 2.41
(41-L m), 2.22 (311, 15 s), 2.20 (3H, ﬁw 5i98.1% pure, RT 24.36min,
Gradient, 0.1%TFA in Acetonitrile and OL%d FA in Water, Hypersil BDS
C-18, 4.6xI50mm, 5.0u). EXAMPLE 49/@H~HN N rN N -Nv Gl
2-(4-chiorostyryl)-N-(5-methyl-1 H-pyidzol-3-yl)-6-(4-methylpiperazin-1-
yhpyrimidin-4-amine 20 Example 4 synthesized via Scheme 6
according to the general sche P i [
starting materials 3-(4- chloroghe yl)a%rylonitril
5-methyl-lli-pyrazole-3-aminé, arid 1- methylpipérazine. Structure of the
target was confirmed by 'H-NMR. The 1H- 25 NM®&Ci&attached. 104 WO
2007/041358 PCT/US2@0 6338054 skif\NIBotei501 MebkoFININ NN 1 O
OCH3 r N) OCH3 2-(3,5§dﬁﬁ@fW%ﬁf%WDwWH@mmnTp§razoI-3-y|)-
6-(4-methylpi perazin-1-yl)pyrimidi n-4-amine Example 50 was
synthesized .viagc%rr}le ne accordirgﬁ%to the general 5 scheme provided
above with the apprapriate Sarting matsfialdaSeasme ¢ according to the general
dimethoxypirarsy|)promifisditrifeovs-nvethy il - pyaeplie:d - amitieg andterials  3-(3,5-
1-methyl-gimethoxyphenyl)acrylonitile, 5-methyl-1H-pyrazole-3-amine, and 1-methyl-

piperazine. Structure of the target was confirmed by '"H-NMR. The 'H-NMR is
attached.

dhe appropriate

10 EXAMPLE 60

2-((E)-2-{furan-2-ylvinyl)-N-(5-methyl-1 H-pyrazoi-3-yl}-
6-{4-methylpiperazin-1-yl)pyrimidin-4-amine

Example 60 was synthesized via Scheme 6 according to the general

scheme provided above with the appropriate starting materials 3-(furan-2-

15 yDacrylonitrile, 5-methyl-1H-pyrazole-3-amine, and I-methylpiperazine,
Structure of the target was confirmed by 'H-NMR. The 'H-NMR is attached.
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piperazine. Strugiure of the target was confirmed by 'H:NMR The 'H-NMR
isyattaches:;10 @RAMPLE 60 N-NH IHN N ~1 N N~
2-((E)-2-(furan-2-yl)vinyl)-N-(5-methyl-1 H-pyrazol-3-yl)-
6-(4-methylpiperazin-1-yl )pyrimidin-4-amine Example 60 was synthesized
via Scheme 6 according to the general vided above with the
appropriate starting materials 3-(furan-2- 15 lonitrile,
5-methyl-IH-pyrazole-3-amine, and 1-methy azine. Structure of the
target was confirmed by 'H-NMR. The 'H-/' R is attached. 105 WO
2007/041358 PCTIUS2006/038174 EXAMPLE 64 N-NH HN"X 1N rN N
of ~/ N-(5-methyl-1 [/\N NN
H-pyrazol-3-y|)-6-morpho|ino-2-sty%dp>}rimidin-4-am xample 64 was
synthesized via ScieBieethAaenrHing- 10 AREIRMSIAL- 28RN Hrovided

above with the appropriate starting materials cinnamonitrile, 5-
methyl-IH-pyrazoix3samine, and ManphoiineiS BHEME @faﬁégrﬁﬁg%“@lé general

confirmed - 3 'H-NMR is attached. EXAMPLE 66_N-NH

HN Nr}ﬁ Q}ﬁyﬁle'\b%%dl@ %b&!re m§ fhe appropriate staéuMg materials cinnamonitrile, 5-
methyl-1H-pyrazole-3-amine, and morpholine. Structure of the target was
confirmed by 'H-NMR. The 'H-NMR is attached.

PCT/US2006/038174

10 N4-(2-(dimethytamino)eﬂ'tyi)—l\ﬁu(s-memyiw1 H-pyrazol-3-yi)-2-styrylpyrimidine-4,6-diamine

Example 66 was synthesized via Scheme 6 according to the general
scheme provided above with the appropriate starting materials cinnamonitrile, 5-
methyl-1H-pyrazole-3-amine, and N],Nt-dimeﬂlyleﬂlane—1,2-diamine. Structure

15 ofthe target was confirmed by "H-NMR. The 'H-NMR is attached.

EXAMPLE 67
N NH

!
HN /

|

ShRe e

. N-{5-methyl-1 H-pyrazol-3-yi)-6-(piperidin-1 -yh-2-styryipyrimidin-4-amine

Example 67 was synthesized via Scheme 6 according to the general

scheme provided above with the appropriate starting materials cimamonitrile, 5~
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10 -
Mﬁ&zédimﬁmm’r(o)ethyl)-w-(5-methy|-|H-pyrazoI-3’£2—.styry{ﬁy[}g3igw038”4
e-4,6-diamine Example 66 was synthesized via Scheme 6 according to

the general sch rovifed above with the appropriate starting materials
cinnamonii]?ﬁgl,ygﬁ Y @W@fol@@-ﬂﬂﬁféﬁ%d Structure of the target was
N',N"-dimethyliiinarte- FE2NHNeRNiTR: BUNSIHE JLEaEihe target was

confirmed by 'H-NMR. The 'H-NMR is attached. EXAMPLE 67 N-NH 1

HN N N N-(5-methyl-1 H-pyrazol-3-yI)E§dR\jt%q‘rﬁdga-1-y|)-2-styry|
pyrimidin-4-amine 20 Example 67 was syn equ.@_gj via Scheme 6

according to the general scheme provided ab ith the appropriate

starting materials cinnamonitrile, 5- 106 W! /041358
(-PCTIUS2006/038174 methyl-IH-pyrazol ine, and piperidine,

Structure of the target was conf/ir[.hn\eg\by -NMR. The 'H-NMR is

attached. EXAMPLE 69 N-NH THK N%5 Nk’/’\@
6-(2-(dimethylamino)ethoxy)-N-(5-methyl-1H-pyrazol- -2-styrylpydmidi
n-4-aine BXAnimeiatrniagemdsiyodivial Sohemksixectrdingrtaitheanine
general scheme provided above with the appropriate starting materials
cinnamonitdle, S‘éJ |97 P53 vsfhesizadnivie, Sgigme 6 according to the general

(2-dimethybfeminpetidriolbSteuoitr 0o pkRdaaainy e eonil Mtk M nirie, 5-
H-NMR. %}iﬂ%&fﬁg—%%ggga%é(wg!ﬁgﬂg aﬁiyogth?nl\lolf NStmcture of the

10 target was confirmed by "H-NMR. The 'H-NMR is attached.

.....

EXAMPLE 71
n—MNH

N-(&-methyi-1 H—pyraz,ol-aﬁyi)~6—(4-methylsulfonylpiperazin— T-yi}-2-styrylpyrimidin-4-amine

15 Example 71 was synthesized via Scheme 6 accerding to the general
scheme provided above with the appropriate starting materials cinnamonitrile, 5-
methyl-1H-pyrazole-3-amine, and 4-methylsulfonylpiperazine. Structure of the
target was confirmed by "H-NMR. The 'H-NMR is attached.
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I 'N ~N 'So N-(5.methyl-1 m
s -3-v|)-§@#-methylsulfonylpiperazin-I-y!)-2-st yrimidin-4-amine

;ﬁ@%’%% was synthesized via Scheme 6 according to the generaye/s8174

scheme provided above with the appropriate starting materials

cinnamonitrile, 5- methyl-IH-pyrazole-EXmivELETd

4-methylsulfonylpiperazine. Structure of the naiet was confirmed by

'H-NMR. The 'H-NMR is attached. 107 %%2%1358

PCT/US2006/038174 EXAMPLE 76 N- | HN ~N N N-(5-methyl-1

H-pyrazol-3-yl)-6-(pyrrolidin-1-yi)-2-styr yrFinidin-4-amine Example 76

was synthesized via Scheme 6 ac@gj' o the-gepergl 5 scheme

provided above with the appropriate.starting materigls ginnamonitrile, 5

methyl-IH-pyrazole:3-amine. and pyrralidine. Structure of the target was
confirmed by 'H-NMR. %@%%ﬁ%%ﬁaﬁkgﬁg%%&ﬁ%ﬂ W'ﬁ‘-ﬁfﬁ“m
\NTh HN' N NN A NMASmetdnd o cq .
H-pyrazol-3-y))-W-(2- 4-methy)p_iggée{razsilﬁ?l-yrf§thsy t-a'n{ﬁ) 6 acco-rdmg- fo the general
2-styry\pyriicRfL® B ARME el kmrerronias syrine smtdaieDononmirile, 5-
6 acpordingldﬂ}yhélgpmzal@lgleﬁae, piﬁ&id@%ﬁbﬁuﬁ V\/liﬂ’ﬂrﬁlaﬁzﬁ;pﬁfoﬁ%aiﬁrget was
starting materals. HNamenilile, 2 _ﬁ&{)ﬂ%- H-pyrazple-3-amine, an
2-(4'-methy|pipergziﬁrliy-l'-yl)-aminoeth%]ne. g g%}é%id?e of the target was
confirmed by 'H-NMR. The 'H-NMR is attached. EXAMPLE 82 N-NH 1
EXAMPLE 77

i~ N

N A
SN
\//\ﬁ \N/L\4;\I::]

N“~(5-methyi-1H-pyrazol-B-yl)-hF~(2—(4—methylpiperazin—1-yl)ethyi)-
10 2-styrylpyrimidine-4,6-diamine
Example 77 was synthesized via Scheme 6 according to the general
scheme provided above with the appropriate starting materials cinnamonitrile, 5-
methyl-1H-pyrazole-3-amine, and 2-(4’-methylpiperazin-1 *<yl}-aminoethane.
15 Structure of the target was confirmed by '"H-NMR. The 'H-NMR is attached.

EXAMPLE 82
N NH

{
HN 4

“ N
N \Ni 7
H
N*-(5-methyl-1H-pyrazol-3-yl)-Ne-phenyl-2-styrylpyrimidine-4,6-diamine

20 Example 82 was synthesized via Scheme 6 according to the general

scheme provided above with the appropriate starting materials cinnamonitrile, 5-
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HN Cal N H N N4-(5-methyl-1 H-pyrazol-3-yl)-M-phenyl-2-styrylpyrimid
ine-4.6-diami -xample 82 was synthesized via me 6 according
tg\%ﬁez%ﬂgz?el?é?gescheme provided above with the appropriate staHrigUS2000/638174
materials cinnamonitrile, 5- 108 WO 20071041358 PCT/US2006/038174
methyl-iH pSAkdE-Byeaniee’-emine b aniinei cBirectufehvf thegsiowasas confirmed
confirmedy Pyl Ry e bz MRaiggftached. EXAMPLE 83 N-NH 1
HNN rNNsJ~~5
N-(5-methyl-1H-pyrazol-3-yl)-2-styryl-6-thiomorpholinopyrimidin-4-amine
Example 83 was synthesized via Sch&xa®ece®yling to the general

scheme provided above with the appropriatgystétting materials

cinnamonitrile, 5- methyl-lH-pyrazole-3-ami thiomorpholine.

Structure of the target was 10 confirmed by 'H-NMR. The 1H-NMR is
attached. EXAMPLE 86 N-NH | HN F N

N4-(4-f|uorophenyl)-Ns-(5-_m_et_hyl- N _\N_! 7
H-pyrazol-3-y|)-2-styrylpyr|mldlneswd|am|ne 15 =@ ple 86 was
synthesized via §] g%r&ﬁ Fiﬁgcor%lr%i;o the rI%c‘.;eneral cheme provided

above with the apgroprlal o SRIFRAY At SHisRRsR i ARy rigicin-4-amine
methyl-IH-pyrazgle- -@emgge 4-fluoroaniline. Structure of the target

was confirmed by %—NMRW%EWI&{}RM%? At a{:clzﬁreng.%] cor&mg fo"the general

scheme provided above with the appropriate starting materials cinnamonitrile, 5-

methyl-1H-pyrazole-3-amine, and thiomorpholine. Structure of the target was
10 confirmed by 'H-NMR. The 'H-NMR is atiached.

EXAMPLE 86
N-NH

!
HN 4

QL)
|
<
N =
N*~(4-fluorophenyt)-NP-(5-methyl-1H-pyrazol-3-yl)-2-styryipyrimidine-4 6-diamine
15 Example 86 was synthesized via Scheme 6 according to the general
scheme provided above with the appropriate starting materials cinnamonitrile, 5~

methyl-1H-pyrazole-3-amine, and 4-fluorcaniline, Structure of the target was
confirmed by 'H-NMR. The 'H-NMR is attached.
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WO 2007/041353R2€T/US2006/038174 EXAMPLE 87 M-NH | HN N - )N

\ 3 ethylamino)ethyl)-N4-methyl-Ns-(5¥gethyl-1
I—T%ériéﬂ\gml—%}a(z-styrylpyrimidine-4,6-diamine Example 87 WasPCTmsz{}%m‘38174
synthesized via Scheme 6 according to the general 5 scheme provided

above with the appropriate starting matkiaMEiEh&monitrile, 5
methyl-IH-pyrazole-3-amine, and N',N',N2-trimethylm2-diamine.
Structure of the target was confirmed by IH-NMRH]\; H-NMR is

attached. EXAMPLE 99 10 N-NH IHN N H N
N'—(tetrahydro-2H-pyran-4-yI)-Ns-(5-rr\ethyl-1 H-p¥raz
2-styrylpyrimidine-4,6-diamin e Examph& 99.wWas Sypthesrzred
6 according to the general scheme prdvided above with theal appropriate
starting materials cinnamg@njtri - hyl-IF- -3-gmjne, and
tetrahydro-2H-pyran-4-z;ﬂrrf?iEr’?(fz-&.&Ig?r%%%fﬁgli£7 Aﬁﬁn&é(éﬁ ﬁﬁ%ﬁ%&ﬁyﬁaﬁd&w
'H-NMR. The 'H-NMR is attached. 110 WO 2007/041358 "--

PCT/US2006/ 03&3{2141}@(8(?‘/"5&&8%84&& Hid E'&le%e'_paccording to the peneral
5 scheme provided above with the appropriate starting materials cinnamonitrile, 5-
methyl-1H-pyrazole-3-amine, and NN ,Nz-tximethylethane—l »2-diamine.

Structure of the target was confirmed by '"H-NMR. The 'H-NMR is attached.

0 EXAMPLE 99

n—~NH
[ 7

N‘w(tetrahydro-2H—pyran~4-yi)-N5-(5-methyl-1 H-pyrazol-3-yl)-
2-styrylpyrimidine-4,6-diamine
Example 99 was synthesized via Scheme 6 according to the general
scheme provided above with the appropriate starting materials cinnamonitrile, 5-
15 methyl-1H-pyrazole-3-amine, and tetrahydro-2H-pyran-4-amine, Structure of the
target was confirmed by '"H-NMR. The 'H-NMR is attached.
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1-(6-(5-methyl- yrazol-3-ylamino)-2-styrylpyrimidigeg-yi)piperidin-4-ol
Ewampledd@issvas synthesized via Scheme 6 accordim§®e:the gergtabbos/nzsits
scheme provided above with the appropriate starting materials
cinnamonitrile, 5- methyl-IH-pyrazole j O-protected
piperidin-4-ol. Structure of the target%%ﬁzrggd by 'H-NMR.
The'H-NMR is attached. EXAMPLE 103 10 N-N HNN NNN/I\/Br
2-(4-bromostyryl)-N-(5-methyl-1 H-pyrazdth8-yl)- _
6-(4-methylpiperazin-1-yl)pyrimidin-4-amjpe. fxample 103 was

synthesized via Scheme 6 according to the deneral scheme provided

above with the appropriate starting/m eriéigm
bromophenyl)-acrylonitrile, 5-methyl:|H-pyrazole-3- e, and 4-methyl-
piperizine. Structure of the targé&tQvas confirmed by 'H-NMR. The 'H-NMR

is attached. 111"W& P41 8sB SCIMISPOSSIIBETI-FEXRERE4S0
N-NH HNI /N g\l N/p\ 2-(4-methoxystyryi)-N-(5-methyl-1

H-pyrazol-3-yl) Wgﬂ‘?}hﬁﬁﬁeﬁ%‘:‘%‘yﬁ FlTeA ARRTEE tx Binptec180
was synthebredhwiai®dhbave Gitche idingpnathegang itsEemafrevided -
anove Wihi1ARRIORLBIE SR MALHRRE bineridind o, sirgtre of e

methoxyphenyl)-acrylonitrile, 5-methyl-i pyrazofe-3-amine, a

piperizine 2 EFLEHS RO IR B JETNIAR: CEBRirHBMER isatoled. The 'H-NMR
IS

‘ 0 EXAMPLE 103

p-NH

4
HN

2-{4-bromostyryl}-N-(5-methyl-1 H-pyrazol-3-yi)-
B-(4-methylpiperazin-1-yhpyrimidin-4-amine

Example 103 was synthesized via Scheme 6 according to the general

scheme provided above with the appropriate starting materials 3-(4-

15 - bromophenyl)-acrylonitrile, >-methyl-1H-pyrazole-3-amine, and 4-methyl-

piperizine. Structure of the target was confirmed by 'H-NMR. The 'H-NMR is
attached,
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attached. 10 EXAQMPLE 161 N-NH HNI/1N/IT\ N -})
2oy et xysly™-N-(5-methyl-1 H-pyrazol-3-yl)- o
6-(4-methylpiperazin-I-yl)pyrimidin-4-amine 15 Example 161 wa
synthesized via Scheme 6 according to the general scheme prowded
above with the appropriate starting mafeiEPBRA-60
methoxyphenyl)-acrylonitrile, 5-methyl-IH-pyrazole-3-amine, and 4-methyl-
piperizine. Structure of the target was cosfitied by 'H-NMR. The 'H-NMR
is attached. 112 WO 2007/041358 P ’ 6/038174 EXAMPLE 162
N-NH 1 HN H N/ M-((furan-2-yl Ymethyl)-M-(5-methy)-1
H-pyrazol-3-yl)-2-styrylpydmidine- 4 Zidfnine 5 Example 162 was
synthesized via Scheme 6 ac scheme provided
above with the appropriate sl:au in materlals 3-
methoxyphenyl)acrylong J;e § -methyl-IH-pyrazole-3- aﬂune and (furan-2-
yl)methanarnine. Structu e@l %&ﬁﬁﬁhﬁgﬂﬁﬁﬂ;ﬁ HWNMR. The
'H- NMR is attached. 10 EXAMPLE 163 N

5 Example 160 was synthesized via Scheme 6 according to the general

PCTFU 52006/038174

scheme provided above with the appropriate starting materials 3-(4-
methoxyphenyl)-acrylonitrile, s-methyl-1H-pyrazole-3-amine, and 4-methyl-

piperizine. Structute of the target was confirmed by 'H-NMR. The "H-NMR is
attached.

10
EXAMPLE 161

N—NH

!
HN 4

A

2+ (4-methoxystyryi)~N-(5~methyi 1H~pyrazol-3- B
6-(4-methylpiperazin-1 «yl}pynmidm-rlnammey)

15 Example 161 was synthesized via Scheme 6 according to the general
scheme provided above with the appropriate  starting materials 3-(4-
methoxyphenyl)-acrylonitrile, 5-methyl-1H-pyrazole-3-amine, and 4-methyl-
piperizine. Structure of the target was confirmed by 'H-NMR. The 'H-NMR is
attached.
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N_ M-(2-methoxyethyl)-Ns-(5-methyl-1 Pias
H PRV rylpyrimidine-4,6-diamine 15 Exarigi#e 163 was
sy\r?ﬁgéﬁi;@j%% Scheme 6 according to the general scheme pré’ﬁ&’é&sw“’ 038174
above with the appropriate starting materials cinnamonitrile, 5-
methyl-IH-pyrazole-3-amine, and 2-meikaxy@irnginine. Structure of the

target was confirmed by 'H-NMR. The 'H-NMR is attached. 113 WO
2007/041358 PCT 052006/038174 EXAMPLE #&6¥HN-NH 1 HN N HeN
N4-((tetra hydrofuran-2-y|)methyl)-Ns-(5-m§ hy‘ij%fpyrazol-&yl)-
2-styrylpyrimidine-4,6-diamine 5 Example 14 was synthesized via

Scheme 6 according to the gener% schem@& privided above with the
appropriate starting materials cinfia [{¥1 N
methyl-IH-pyrazole-3-amine, and<tetralydrofuran-2- thanamine.

Structure of the ef. firmed b -NMR. T H-NMR is o
attached. 10 Bl (ﬁ%qg gﬁ?@&@f%&“ﬁff?&ﬁiﬁ% %{; YEYRYHBIdng-4.6-diamine
AurorasA (Auroraigibiion A4 B COMAguas e t@;&ﬁf%ﬁ?%f general

potency against recombjnant Aurora A (Upstate, lac

the PanVefS P Fyt8 RSk 308% KrthsdhTherprastte (Hvimeganaterials 3-(4-
Carlshad, @aMhoxsgiaysuerdaariied dutintginageassal- Dufiale(50mM (furan-2-
HEPES, p M TA, 0.05% Brij-35, 2, IT).

HEPES POREMABINGCE MRS SO U
tested con%é’fi%‘?ﬁcﬁ?@n serially diluted to 4X test concentrations in
kinasébassay buffer. Next, Aurora A (final concentration 200-500 ng/mL),

Z'- Lyte Ser/fhr 1 peptide (final concer%s%i_g&%ﬁ/génd ATP (final

concentration 10 pM) were added according 1o thé manufacturer's

instructions. Assays were carried out in half-greg;96-well white

olystyrene assay plates (Corning, Corning, J
polysty y plates ( g 9. M p—

=
i

N
O\/\;S/E:)i\/\g

' N‘—(2~methoxyethyf}-!\fe-(5~methy!~1H~pyrazoi~3~yl)—2—styrylpyrimidine~4.6~diam§ne

15 Example 163 was synthesized via Scheme 6 according to the general
_scheme provided above with the appropriate starting materials cinnamenitrile, 5-
methyl-1H-pyrazole-3-amine, and 2-methoxyethanamine, Structure of the target

was confirmed by '"H-NMR. The 'H-NMR is attached.
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25 NY) in a final me of 20 pl. The reaction was allowed-to proceed for
1 ature in the dark, at which point thi ---y_--
ré‘g(g%%é?égr%g%%op reagent were added according to themanufacﬁﬁ[grs%“%/ 038174
instructions. Coumarin (Ex. 400 nm, Em. 465 rim) and fluorescein (EXx.
400 nm, Em. 565 ran) fluorescence vBKi&hRdidgheasured on a
SpectraFluor Plus plate reader (Tecan, Durham, NC). 114 WO
2007/041358 PCTIUS2006/038174 The @mirssion ratio
(coumarin/fluorescein) was determin S€d to calculate the percent
phosphorylation for each well{Weéls cgntaining substrate but no kinase
and wells containing a phospho eptige ntrol were used to set 0% and
100% phosphorylation values, re ' 20-40% of the
substrate 5 was phosphoryaatod iff wells witho ibitor. Dose-response
curves of relativgy/ Y | tration yere pIotted
with Grafit (Erlthacmg%ﬁfﬁg%ﬁgﬁ%ﬁg %ﬁgf WE Hg%raz%
representative data for the inhibition of Aurora A by the compounds of this

inventfon at a canceRilatien stalao@dti\/és&gh-rﬁ@%e%gﬁ@%] RN @noi0 the general
Inhibition of Auro:rr V@a% g @ 1 10100 1198 12100 1393 1
98 15 106 AP BF1E 06T 6@“‘2 CAPPRPIYE 55588 meicegls Simmasionitile, 5

methyl-1H-pyrazole-3-amine, and (tetrahydrofuran-2-yDmethanamine. Structure
of the target was confirmed by "H-NMR. The ‘H-NMR is attached.

10
BICLOGICAL TESTING
Biological Testing Example 1
Aurora A (Aurora 2) Inhibition Assay
15 Compounds were tested for their potency against recombinant Aurora A

(Upstate, Lake Placid, NY) using the PanVera Z’-Lyte kinase assay kit — Ser/Thr
1 peptide (Invitrogen, Carlsbad, CA). Assays were carred out in kinase assay
buffer (50 mM HEPES, pH 7.5, 10 mM MgCl,, 5 mM EGTA, 0.05% Brij-35, 2
mM DTT). Test compounds were itially dissolved in DMSO at 100X the
20 highest tested concentration, then serially diluted to 4X test concentrations in
kinase assay buffer. Next, Aurora A (final concentration 200-500 ng/ml), Z’-
Lyte Ser/Thr 1 peptide (final concentration 2 uM) and ATP (final concentration
10 pM) were added according to the manufacturer’s instructions. Assays were
carried out in half-area 96-well white polystyrene assay plates (Corning, Coming,
25 NY)in a final volume of 20 pl. The reaction was allowed to proceed for 1 h at
room temperature in the dark, at which point the development reagent and stop
reagent were added according fo the manufacturer’s instructions. Couvmarin (Ex.
400 nm, Em. 465 nm) and fluorescein (Ex. 400 nm, Em. 565 nn) fluorescence

values were measured on a SpectraFluor Plus plate reader {Tecan, Durham, NC).
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24 100 25 100 99 30100 31100 32100 34 99 37,80 3899 39

i .60 100 64 100 66 1000 67 100 @100 115 WO
2007/041358 PCTIUS2006/038174 71 100 77 100 82 100 83 '10b Vgg’06/038174
100 99 100 100 100 103 100 160 100 161100 162 100 163 100 164

100 169 gBwIGISEEM ratio (coumnarin/fluorescein) was determined and used to calculate

the percent phosphorylation for each well. Wells confaining substrate but no

kinase and wells containing a phosphopeptide control were used to set 0% and

100% phosphorylation values, respectively. Typically 20-40% of the substrate

5 was phosphorylated in wells without inlibitor. Dose-response curves of relative

Aurora A activity vs. inhibitor concentration were plotted with Grafit (Erithacus
Software, Horley, Sumrey, UK).

| Table 2 shows representative data for the inhibition of Aurora A by the

compounds of this invention at a concentration of 100 uM.

10
Table 2
Example No % Inhibition of
" | Aurora A @ 100 pM
4 91
10 100
11 98
12 100
13 93
14 93
15 100
17 : 62
18 100
16 99
20 77
21 100
22 97
23 99
24 100
25 100
26 99
30 100
31 160
32 100
34 99
37 80
38 9%
35 100
49 100
50 106
60 160
64 100
66 100
67 100
69 160
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17189 172 995&100 Biological Testing Example iﬁurora B (Aurora

ssays for Aurora B kinase inhibiti

ere carried out

1 ibition
S#Jhﬁgéy{%ﬁ :(’)§se for Aurora A kinase (see above) with the foII01\)/%61Sz‘mém8174
modifications. Aurora B kinase (BPS Biosciences, San Diego, CA) was

used as the enzyme, at a 10

concentration was 50 M, andg the Kifiase

concentratign was Z.m@/ml,. e ATP

gactionggs alfow

d to proceed

for 16 h. Sodium orthovana

ate (42 pM)

vas~ addgyg to the buffer to inhibit

contaminating phosphatases. Tabg 3 shows datajtmr the nf

ibition of

Aurora B by the compounds

of thigdnvention at a eecentration of 100 M.

116 WO 2007/041358 PCTI

JS2008/0381

| 74 Tableod Example No. %

Inhibition of Aurora B @ 100

pM 180 97

18 100 26095 30 97 31 100 32

99 6099 100 100 163 100

1641980 Biplogical Tésting Example 3 5 Abl

Kinase Inhibition Assay Con

poundé§ wer

» assayetPfor AN kinase

minal%His6-thgged ret¥mbinant

human Abl,

inhibitory activity using N- te

residues 27-end (Upstate USA1nt6210 7(

06 Earest®treet_Charlottesville,

Virginia). Serial dilutions of d

100
164 100
169 95
170 100
171 &9
172 59
173 160

Biological Testing Example 2

5 Aurora B (Aurora 1) Inhibition Assay

Assays for Aurora B kinase inhibition were carried out similarly to those

for Aurora A kinase (see above) with the following modifications. Aurora B

kinase (BPS Biosciences, San Diego, CA) was used as the enzyme, at a

10

concentration was 2.5 pg/mL. The ATP concentration was 50 uM, and the kinase

reaction was allowed to proceed for 16 h. Sodium orthovanadate (20 pM) was
added to the buffer to inhibit contaminating phosphatases. Table 3 shows data for

the inhibition of Aurora B by the compounds of this invention at a concentration

of 100 pM.
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assayed in a fin action volume of 25 pL by incubati solution of the
a ' 5-10 mU), 8 mM MOPS (3-(N-mormno) _
p?gga?r%ﬁs% onﬁ: acid) pH 7.0, 0.2 mM EDTA (ethylenediamine PP ALERQ0/038174
acid), 50 pM of amino acid sequence EAIYAAPFAKKK (Upstate USA

Inc., Charlottesville, Virginia), and 15 10 riahlenhgnesium acetate and
[y-33P-ATP] (specific actiyity of-about-506 bplkj;%i cgcn&ent{“tion as
required). The reaction was iF¥k%els by -the itian; of e I nesium

acetate and [y-33P-ATP] mixture jAfer incivation fag-A0-Tmmutes at room
temperature, the reaction|was stogoed by {he additiggyof 51SCof a 3%
phosphoric acid solution. A 10 pL2aliquote pf the Teag§ion was then

spotted 20 onto a P30 filtermat (PErkinElmer, Wellestey, MA) and washed

three times for five minutgs in 753hM phosphoric at@ and onck in

methanol prior to drying and _scintiflation counting. I&ibition of JAbl activity

was determined by comparison td#lassays that cont&hed no inhibitor.

Under these conditions, Bxample!®) produced _abotfi77% inhibition of Abl

at a concentration of 1 pM.-25.113v0 2007/0413580
PCT/U32006/038174 Biological ¥¥sting Example 418Rjt Kinasa Inhibition
Assay 5 Compounds were assayed for eKit kinase inhibitory activity using

N- terminal GST-tagged recombj th%w}a .CKit, residyes 544-end
(Upstate USA Inc, 706 Forest S%rlgg)t? a?fg}?ésgvifﬁg ilréginia). Serial

dilutions of compound were assayee & inabiaacion.yolume of 25 pL

by incubating a solution of the above cKit kinase (5-10 ' mU), 8 mM MOPS
(3-(N-morpholino) propanesulfonic 10 acid) pH 7.0, 0.2 mM EDTA
(ethylenediaminé&-eatparedic weid) at@yedMnIP kihdsenighinlopplyglisigmising N-
acid tyrosigadids A BRI IRA ARG AR 23300 AbEdye ysA e,

(specific activity of about 500 cpmfpmol, concentration as require

reacﬁ n \?v%}g ihfiated i it et m@‘ﬁi%)gng%lﬁﬁhfi&%’é?a%éjéﬁ@npﬂund were
[y-33P-AT#Raynikburefiftteraimoubalianefor ZK);II;] W@ﬁlﬁéﬂﬂ@fﬂkoluﬁo? of the above
temperatu -t 1 e addition of 5 pL of a 3% .
phosphorié%a{(g%d]? as%g% éﬁ%ﬁ%g S%V? ﬁ%%%?eﬁgﬁﬁlg lpeé)(izlf?Sip\/r\?é’ggﬁséﬁ{omc acid) pH
spotted orft8: a}(’ﬁltﬁ%ﬁw andiudstduntineetetinesciocile Mindlesfinudifio acid
mM phosphgiiscacith Bnchoraadritieiiane!peiern, YRR ANGE IO, ana
counppg. g@hlb tion of cKit activity was detgrmined by comparison to

assays th AR HETRGRBIE BPldr (Hedd Rb{pgeifs, activity of about 500

cpm/pmol, concentration as required). The reaction was initiated by the addition

of the magnesium acetate and [y-"P-ATP] mixture. After incubation for 40
minutes at room temperature, the reaction was stopped by the addition of § pL of
2 3% phosphoric acid solution. A 10 pL aliquote of the reaction was then spotted

20 onto a P30 filtermat (PerkinElmer, Wellesley, MA) and washed three times for
five minutes in 75 mM phosphoric acid and once in methanol prior to drying and
scintillation counting. Inhibition of Abl activity was determined by comparison to
assays that contained no inhibitor. Under these conditions, Example 31 produced
about 77% inhibition of Abl at a concentration of 1 pM.

25
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20 Example 31 uced about 86% inhibition of cKit -concentration of
I 2RiDINgica! WISting Example 5 Src Kinase InhibitiggAssay 2o
Compounds were assayed for Src kinase inhibitory activity using
terminal His-tagged human Src (Upstate USA Inc, 706 Forest Street,
Charlottesville, Virginia). Serial Siiigissl dcsonggvanglokre assayed in a

final reaction volume of 25 pL by incubating a solution of the above Src

kinase (5-10 30 mU), 8 mM MOPS{BipRIehBRimmAFs8H0panesulfonic

acid) pH 7.0, 0.2 mM EDTA (ethylenediamine tetracetic acid), 250 M
amina:acid seq GTYG\VLVY state.USA Inc, 706 .
Foregt5 Street, Ctﬁarl ﬁﬁ%ﬁl\g‘ggvﬁarsgsﬁ% \é an % m S&gg}%&ﬂhﬁg@@fété’mg N-
and [y-33M7p] @hkdmecd caenspbiranbbums0ckisnitpiduss Eoheantfdtionle USA
as requireg, The rersticaesasitioies My, tNe: kS W ZQQHAE 1323 compound
PCT[USZ%%%/%§S§11J4.ad 'tioltr)l of the mi%qui m acetate and [ry .
33P-ATP] Sty Ao A S ASTOR O Gt PYdBrH B A salyton of the
the reactieborrasistdpmed GylthebiditiodMoMBPE. (BiH-BkmHaliaphpripaciaifonic
solutign. Ackf) ﬁmﬂ@y@!@ﬁi%@@@fﬁéﬁéﬁaﬁ% SRRIAE RIPR Exbvmc,, 0.1

filtermat (PerkinEhner, Wellesley, MA) and washed three es forfive
minutes iTPEAYh RPBEBGIIE A dEResiRg bhcinsh! heiansnssiomtacatrigingd [v->P-
and scir)tiﬂéﬁt:r(a‘pwﬂﬁra@tiﬂthibﬂmmfsﬁwﬁgyﬁw%vaga&%gﬁﬂm%dxg%md). The
comparis ays that contained.no inhibjtor. Under these conditions,
Example %égﬁ’?gﬁ%%‘ aa%oefft%g%}g ﬁ‘d%%%ﬁ ot#’%%agil?&%%ﬁ% [QST%%‘ATP ]
{pm. 10 BREiealisting Fakemple ® BB Kinasednhibiferabesay reaction was
Comppundspper epasaxesidor 5113 linase @%%85}4}1%%%"%{4@?%%8&'\'}{. 13 10 kL

terminal G T-taggged recombinant human FIt3, residues 5 pstat
USA Inc, 2788 EoTESeSTrARIon KAt SteastrrEed paimia Fittermst di drsashed three
compoundmaefer dssayein ifirsadagiaphook ateiohd bl by Reubaingor to

a solutionsgf; . I - ), 8 ORS ’ .
(o (ol Al U BT o S8 B s dtermined by
(ethylenetFHRARE AT AR, senfinedniaoipkikito0 sdindendbese conditions,

EAIAAPEAIKHKK (Linstated kbdud 86y R8iHAMRTYrL KA CHREAHERYIIS 1 v,

Virginia), and 10 mM magnesium acetate and [y-33P-ATP] (specific

activity of about 500 epm/pmol, concentration as required). The reaction
Biological Testing Example 5

US2006/038174

Sre Kinase Inhibition Assay

25
Compounds were assayed for Src kinase inhibitory activity using N-
terminal His-tagged human Src (Upstate USA Inc, 706 Forest Street,
Charlottesville, Virginia). Serial dilutions of compound were assayed in a final
reaction volume of 25 uL by incubating a solution of the above Src kinase (5-10
30 mU), 8 mM MOPS (3-(N-morpholino) propanesulfonic acid) pH 7.0, 0.2 mM
EDTA (ethylenediamine tetracetic acid), 250 uM amino acid sequence
KVEKIGEGTYGVVYK (Upstate USA Inc, 706 Forest Street, Charlottesville,
Virginia), and 10 mM magnesium acetate and [v-*P-ATP] (specific activity of
about 500 cpm/pmol, concentration as required). The reaction was initiated by the

118



was initiated by gae-addition of the magnesium acetategand [y-33P-ATP]

mix&56e7Afigsdr®@ation for 40 minutes at room tempSture, the.reactio
was stopped by 25 the addition of 5 pL of a 3% phosphoric acid S(ﬁﬁ%gn.@osmm

A 10 pL aliqygte of, t@flee reaction was then spqited onto a P30 filtermat
(PerkinE AL RN FAERAS AR S Al B s FREG RSRI oA dneebiion fo
75 mM phasghisiissacid andepeadieMRMNABRLPHLL ARG 3 ddition of 5 1.
scintillation coua‘?ln . Inhihition of F1t3 aCtIVIﬂg was_determined by
comparisol b §sp§f§‘ CHRtIARE o idniSiiel: disyaietrbdee Ferction was then

conditionsspEsteinpie 31 Ri® dileetaliPek D6%nsnhibliRma, MR PER washed three

concegitration : /Q41358.PCT/US2006/038174 .
Biological Te§%¥1&éj§<%l\€nn1§?1§g§\%<%% mélsoesq?}r]\?ﬁﬁiﬁ%n (Ss25°8 B spanpigyior to

were assadSTERFORIMCE pemingry HbikitorofSroecritines determined by

His6-taggechipadsmbinantdaunanikiRairaidue midRend (dpstaiedd SAnditions,
Inc, 706 Forest %tﬁetl,oguhaéloﬁte%viy@,.Vir. inia). Serial dilutions of
compound were asdayet i & THal redRGHORRINE Brarpierr e tidimg-

a solution of the above KDR kinase (5-10 mU), 8 mM MOPS
(3-(Nrgnorpholino) propanesulfo@gl;g@a@@s%%% gM EDTA

(ethylenediamine tetracetic acid), 0.33 mg/nrL myelin basic protein

(Upstate USA Inc, 706 Forest Strastrharatigauliensidirginia), and 10 mM
magnesium acetate and [y-33P-ATP] (specific activity of about 500

cpm/pmol, concentration as required). The reaction was initiated by the
addition of the nfcRPRSAR HEEABRNY fpraBie AdRjqrihibitoraftetivity using N-
routatidenin SSTIRIIES iSRG BIES, KEJRACELNAT e, Ush
stoppe 0 0 0} oric acid solution. pl.
aliquote %%f?%ﬁ‘%?gﬁ‘ v%%%cﬁlgaaréopgﬁ‘éﬂ eo%t?‘g%“ﬁéo %ffé%]t’m"ns of compound
(PerkinEnvi&ie Wreledimya fina) wartiovawteaduis tinies feofivenminatiagdn of the

75 mM phosphgiie agiskapsl anggin mﬁm%@lﬂgri@[d@-n%$ﬂ&igggdf?8anesulfomc

scintillation counting. Inhibition of KDR activity was determine
comparisgﬁ%gp%g]agyg AL AT TRBRRIE tefeetiaiseish. S8naiemino acid
Exadfple $ipprocucEd arosPRARKKNie6f KDSaat te0Ngeptratigsdf Lieet,
pM. Biolqgi | ample 8 ck Kinase Inhibition Assay
Compour?g‘lég?\}%&r-ee%?s%%ﬁr o%icﬁﬁg()seQ%iﬁ?gﬂ?sé%@%&g%@m [y-"P-ATP]
recombin&RECHIR-16FgH Hiabrit Noepmipmbk mteergetidncls, masitk@)s The reaction

790-end was initiated by the addition of the magnesium acetate and [y-**P-ATP] mixture.
After incubation for 40 minutes at room temperature, the reaction was étéﬁped by
25  the addition of 5 uL of a 3% phosphoric acid solution. A 10 ul aliquote of the
reaction was then spotted onto a P30 filiermat (PerkinElmer, Wellesley, MA) and
washed three times for five minutes in 75 mM phosphotic acid and once in
methanol prior to drying and scintillation counting. Inhibition of FIt3 activity was
determined by comparison to assays that contained no inhibitor. Under these
30 conditions, Example 31 produced about 96% inhibition of FIt3 2t a concentration

of 1 pM.
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(Upstate USA Ing, 706 Forest Street, Charlottesville,Vitginia). Serial

diluti c@@®bound were assayed in a final reacﬂ’zvi)lume of 25 pL
b%gﬁzﬁ%gsa solution of the above Lek kinase (5-10 mU), 5 %W%”f?ﬁms”‘
pH 7.0, 0.1 mM EGTA (ethylene glycol bis[2-aminoethyl ether]tetracetic

acid), 0.1 mm Na3VO4, 0.1 % MBetogimifitettdhanpd img/mL
poly-glutamate-tyrosine 4:1, and 10 mM magnesium acetate and

[y-33P-ATP] (specific activity of dPBHiEE0 bpibipmatssa20 WO

2007/041358 PCT/US2006/038174 concentration as required). The

reactipn was ini)%ated by the addition of the._magnesium _acetate and

[y-33B-ATP] mixtaPE RAEr Wt BRSSP B intescairlihdiory activity using N-
temperatueepthd Bactigped assidiped hythe G0R|tiosdkd TO0ad3Mbpstate USA.

phosphorﬁé%éﬁl}}m @@e&%&ﬁﬁgm O\ffﬁ%&fﬁf&c %W@ﬁz%%g of .ceggmund

spotted onto 5 a Filtermat A and washed three times for five minutes in

mM phospferiessiiRe BrtiBrteationtclne: pfis? 18-drymgbrirsdrmiinsnef te
COUﬂtingr.]leMbiI@RQﬁhﬁé (&QMW@W%MBQ@-Q?&@%M@ @in)anesuifonic
assays that.contai inhipi Under.these conditions,.Ex 1

g o1 g R e e e R
Biologicarms&in §airaripin (Kinase Séledivity7AGsbyredts SDoatp Slmdsttesville,
were assayied:{@s, BbIERACHY Y- a0RINRL AP ARg! PP AIKe aNLKINARe activity of

enzymes at a concentration of 1 pM. Where appropriate, full- length

enzymes BIRALAN ARZIRMALRASPAGRISR &S TRt e e iR FRACHPE SRS FRitialpd b the
~ His- or GSdatdgs pivbeanagaditin\dteage amdatibadrC AYxilast A6@RatEson for
were, dniti diluted to 100X test.congentration in 100% SO. Thjs,

oo e M O BRe B Ao of S L
‘Kinase Buffer 3{s(rhokthafPEE pplufid. 00 119 BrijpBey o ofitbdvigRidyl was then

MM EGTA)iad 2imola W36 HRmAABChIRAIOW VRLINE NEPA 383WEIned three

plate (Coming, C(E)gling,_ NY). 25 Five L of a_2X peptide dnase mixture

(Invitroge AMER RIS, RIRYteS d [P eitesrlirie 45 TadRnSg, imeisaal prior to
adde_d andrtiirez WMMﬁ@mmatmyﬁadMimmﬁﬂiﬁm %adb‘t@xmined by
wordng CORGHRILAH Al dh ARSBY T IANRIO" WaR, IRIR M08 S kons
at an ATP concentration eduivalent to the apparent K. for eac individua ’

kinase, oFAFHRIATIPESHERPaibI o 1nbhisne BRSO Bisbarsnewtietonept I nM.

Biological Testing Example 8

25 Lek Kinase Inhibition Assay

Compounds were assayed for Lck kinase inhibitory activity using
recombinant, full-length human N-terminal His-tagged Lck, residues 790-end
(Upstate USA Inc, 706 Forest Street, Charlottesville, Virginia). Serial dilutions of

30 compound were assayed in a final reaction volume of 25 ul. by incubating a
solution of the above Lek kinase (5-10 mU), 50 mM Tris- pH 7.0, 0.1 mM EGTA
(ethylene glycol bis[2-aminoethyl ether]tetracetic acid), 0.1 mM Na;VOy, 0.1 %
P-mercaptoethanol, 0.1 mg/mL poly-glutamate-tyrosine 4:1, and 10 mM
magnesium acetate and [y-"P-ATP] (specific activity of about 500 cpm/pmol,
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30 not be reachegd./Table. 4 shows the percent inhibitigng #alues obtained

f le.. LOW@-Example 31 under these conditi 121 V\lgo 06/038174
Z%Q(ﬁ?glﬂ%g%%CTllJ820061038174 Table 4 Percent InhibitionTS&feant

Inhibition Peptide at 1M at 1M Substrate Exam le 10 (Example 31 ABL1
54 81 Tyr @I%@LHP@SQR@@W}FW@G ABLHC PsEIE ks byr the ABdition of the

T3151 79 Qdghyei@n AR 268F-BB-R0PT Yhig e ABL2 AL Deabutléh W 20 minutes at
AKT1 (PKB alpha) 9 5 SerlThr 6 AURKB %gora B) 37 75 SerlThr I BLK .

67 90 Tyr‘f"EP T 5y BB BRIl CORe rdtipRaeE B uL of a 3%
Ser/Thr 12h@GhaR {ENS) B0 7ATN LLRARIKS: @Igé};e%réuﬁg ‘i%@g{z s‘gésned onto
EPHAI 52 74.Tyr 2 EPHB1 32 61 Tyr.| FGFR1 46, yr L.

6 Ty 4 PLTEOR G ted e e e gnigies oL ikt sid
98 Tyr 2 FRAaney HOFHE)E poT Pyinting yiid 56:801aFon 20 GEKB AGISHR of Lek
alpha) 38 26iB8TAA QelermtcdB kS PR 28 AR UL lBAK 4 nibitor.
63 Serf hrﬁnder these conditions, Example 31 produced about 98% inhibition of Lck at a

concentration of 1 M. |

]

Biological Testing Example 9

Kinase Selectivity Assay
15

Compounds were assayed for inhibitory activity agamst a panel of
different kinase enzymes at a concentration of 1 pM. Where appropriate, full-
length enzymes or catalytically active fragments, with N-terminal or C-terminal
20  His- or GST-tags, were used (Invitrogen, Carisbad, CA). Test compounds were
imitially diluted to 100X test concentration in 100% DMSO. This 100X
concentration was then diluted to a 4X working concentration in Kinase Buffer
(50 mM HEPES pH 7.5, 0.01% Brij-35, 10 mM MgCl,, 1 mM EGTA) and 2.5 uL
was then added 10 a low volume NBS, 384-well plate (Corning, Corning, NY).
25  Five uL of a 2X peptide/kinase mixture (Invitrogen, Carlsbad, CA), as appropriate
(listed in Table 3), was then added and the reaction was then initiated by addition
of2.5 pL of a 4X working concentration of ATP in Kinase Buffer. Irhibition was
determined at an ATP concentration equivalent to the apparent K, for each
individual kinase, or at an ATP concentration of 100 pM if the apparent K, could
30 not be reached, Table 4 shows the percent mhibition values obtained for Example

10 and Example 31 under these conditions.

121



JAK2 61 91 Tyr g KDR (VEGFR2) 88 96 Tyr 1 KIT :;B@Tyr 6 KIT
64084819 LCK 8194 Tyr2 LYNA 6384 T MAP;@@@;@MS 174
23 3'Ser/Thr3 NTRK1 (TRKA) 92 96 Tyr 1 PDGFRA (PDGFR alpha

83 Tyr 4 PDGFRA D842V 9 24 Tyro PDGFRA T6741 65 88 Tyr 4 PTK2
(FAK) 81 94 Tyr 1 RET 95 98 Tyr 2 ROBPEA65 Tyr 1 SRC B5 96 Tyr 2

STK6 (Aurora A) 83 96 Ser/Thr 1 SYK 88 86 Tyr2 TBK1 73 80 Ser/Thr 5
YES1 80 §8 Tyr 2 122 WO 2007/e3585EF1() YOS 38 P4 Bicf58iAa
Testing E anIello Wholle’(l:ell C¥é‘§£§?§§&}5)A sa{)ééj‘l 0 L;Pdamlne B5
Referencg-Aggyetopmentat-Thergpeutics Program NCUYTH Tyr 2
http://dtp.n@ABINESsKoranches/bib/ivelspshtml Human temor-defivediged
lines, HCTIZBB 0BMEF /7 (ATCC)jwere pated in @ 96 welbplate in DMEM
~ containing| #6%% 184l bovine serym and2mM |- glutamfie at a ensig;!!ﬂ .
500 HCTI 12BEAN<%F 1 000 MCHZ cells Her well
5% CO2, f 7 rior-to-the-additigh-of experir“e'm)! compoupdd 2
Compoundgess 7 ,,%%)yoing the-ditutign-series-indi
plates andtggreetis were Tcubated T TggEUa pius COMEaund fon 96 Higurs. |
An additiongigaiate was Tixed i X0 % TGgN at tha time oéihe adt}ltlon“nﬂ
compound &krovide a measurement ofghe celljpopulagin at titne zé&yo}
the time | CDR2/cyclin A § 8 Ser/Thr12
CSF1R (FMS) 80 97 Tyr 1
DAPK3 (ZIPK) 93 58 Sey/Thr 13
EPHA1 52 77 Tyr 2
EPHB1 32 61 Tyr 1
FGFR1 45 i Tyr 4
FGFR2 53 86 Tyr 4
FLT1 (VEGFR1) 25 53 Tyr 4
FLT3 93 98 Tyr 2
FLT3 DB35Y 80 98 Tyr 2
FLT4 (VEGFR3) 87 97 Tyr 4
FYN 50 89 Tyr 2
GSK3A (GSK3 alpha) 38 36 Ser/thr 9
GSK3B {GSK3 beta) 26 28 Set/Thr §
IRAK4 14 63 Ser/fThr7
JAK2 61 o1 Tyr 4
KDR (VEGFR2) 88 96 Tyr 1
KIT 39 75 Tyr 6
KIT T670i 44 79 Tyr 6
LCK 81 94 Tyr 2
LYNA 63 84 Tyr 2
MAP2KT (MEKT) 23 3 Sef/Thr 3
NTRK1 (TRKA) 92 96 Tyr 4
PDGFRA (PDGFR alpha) 58 83 Tyr 4
PDGFRA D842V 9 24 Tyr 4
PDCFRA T674 65 8B Tyr 4
PTK2 (FAK) 81 94 Tyr 1
RET 85 98 Tyr2
ROS1 54 65 Tyr 1
SRC 85 96 Tyr 2
STKE {Aurora A) 83 96 SerfThr 1
8YK 88 86 Tyr 2
TBK1 73 80 Ser/Thr 5
YES1 80 88 Tyr 2

122



15 of drug addim“Following the 96 hour incubation, ‘were fixed in
sisplzpogentygasSPirating off the culture media and the™®&dding 50whahiRe/038174
cold 10% TCA per well and incubation at 4C for 60 minutes. The plates

were washed with tap water five ti and .allowed to air dry for 5 minute.
50ul of a 0.4% (w/v) Sulforhodamig]’ts%g%?fﬁ?%qg%W%iicetic acid

was added per well and the 20 cells Wﬁé’&‘{?@{f& J)%E §£ minutes at
room temperature. Following staining, p?ates wete washed four times with

1% acetic acid to remove any unboudéseiyeSuirhesamiaidived to air dry for

5 mingtes. The stain wasrsekilBewitheifRulRhajonbd Fiispi 4012par

well and placed on an orbita] rotator for 5 minytes. Th sorbance was

read at 570 nm. Percentag:Lg WAL '%%Yﬁg?é’ﬁhﬁ .ﬁg}i}ﬁc S§bgm
absorbance readings fromandetined zelidipiatéICIA) arvd MERTI (WG CSEWes plated

plate (C) whiotsiReiqeeRif AmROL fRHS:HEOV, L AN : and 2mM L-
compound as a control %usm%the formulas; [(TI-TZ?)/éC-TZ x 100 for
concentrafOETP Ahic A=~ (PrEe Lt 1504 66 OloMEdHsatis et arell and

whicAOT i<ﬁ§.uB&éﬂrn9é7dﬁsé‘Pﬁe§@@;r&e_ p@ﬁwmtar&mrm@aﬁrﬁiﬁmdaﬂ‘&kpeﬁmemal
each eXp%amS&Iﬂzhs.a g&ﬁ@é’%&?&"?&ﬁ%‘ 9§§% t%% (%Q%I){V %ggries mdicated to

calculated from [(Ti-Tz)/(C-Tz)] x 100 =50, which was the dru
concentrafiGRIFAEURIFGS Aol SB8 Rl s iorrbatednis Brdtain iforamaeypd for 96
measuredhoyrS RE stditiing) placontohirall sl 0ing o diube tgslbatignaddition of

The drug raf] Sulting. | | Ie thég ibitiga.TGI as lr%S ime
WO 20070 B R AT BB e
L0 fcortetiaiofiry el sogiths #f Honvincdutetorells therenbesLipgite by

protein at thatlendpthting dffifdredtinantdis coniparedhie; Hat af iheold 10% TCA
beginning), indicAt] s of,cells following treatment ws_calculated .
fom (TP oo BB RE U5 B B et S R Vi o

three paralitéters'f fracievaf o KerdAtPvils daatited; mivweyePur tieachidt (v/v)
was not reaifh@ddamirsexcraed e kryadeidhaldatanelsl ier well and the

conozratin et kA SR TR AR, fllowig smining
inhibition &fa%€ ere avedipdgiow sy it dSmpstindsidfehieninve atipnudoand dye
concentrafigivednldRwi4. 13 Q1T alecd HxampleNe sbd Wb an ek bGhnl 160w of
10mM Tris pH 10.5 per well and placed on an orbital rotator for 5 minutes. The
absorbance was read at 570 nm. Percentage growth was calculated using the
25  absorbance readings from the time zero plate (T%) and the dilution series plate (C)
which included a column of cells grown in media without compound as a control
(C) using the formulas;
[(Ti-T2)/(C-Tz)] x 100 for concentrations for which Ti>/=Tz
[(TiQTz)/Tz} x 100 for concentrations for which Ti<Tz.
30 ‘Three dose response parameters were calculated for each experimental
agent. Growth inhibition of 50 % (GI50) was calculated from [(Ti-Tz)/(C-Tz)] x
100 = 50, which was the dreg concentration resulting in a 50% reduction in the
net protein increase (as measured by SRB staining) in control cells during the drug

incubation. The drug concentration resuiting in fotal growth inhibition (TGI) was
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cell growth 100 fidd-4 87 1099 1199 1299 15091 93 18 80 19 96

20/8%084093:50 523 91 24 99 2595 26 98 30 99ER1-99 %%8240 6038174
98 3997 4975 5098 60 98 64 98 66 98 67 98 69 99 71 98 5

82 98 83 98 124 WO 2007/041358 PCT/US2006/038174 L
calculated fromzn = 1z, The LC50 (concentration of drug resulting in a 50%

reduction in the measured protein at the end of the drug treatment as compared to
that at the beginning) indicating a net loss of cells following treatment ws
calculated from [(Ti-Tz)/Tz] x 100 = -50. Values are calculated for each of these
5  flwee parameters if the level of activity was reached; however, if the effect was not
reached or was exceeded, the value for that parameter is expressed as greater or
less than the maximum or minimum concentration tested.
Table 5 shows representative values for the inhibition of HCT-116 cell
growth by the compounds of this invention at a concentration of 100 pM.

10
Table 5
Exarnple No % Inhibition of HCT-116
| _cell growth @ 100 uM

4 87
10 9%
1 99
12 99
15 91 :
17 93
i8 20
19 96
20 87
21 93
22 85
23 91
24 99
25 95
26 98 -
30 99
31 99
32 87
34 o8
39 97
49 75
50 98
60 98
64 58
66 08
67 03
69 99
71 98
77 29
82 o8
83 08
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86 98 99 98 100

J6 103 84 160 97 161 93 162 98 163 98
398 125 WO 2007/041358 PCTIUEP06/0

S
C%QRI % is claimed is: 5 1. A composition selected from

following: R2 RZ' _,NH

HN.NR"N RY NO R7 Formulall

164 96

38174
FET/US2006/038174

ora

pharmaceutically accepta

le deflative

or prodruc?thereof, wh

brein: R"

and RY are independently,

seledi®d from the grouf&onsisting

pf -T-R3

and -L-Z-R3; Q is selecte

fmnﬁmp gra

up conqmtﬁﬁn of -CR6'A\CR6"- and

= wherein said -CR6"=CR
mixture 15 thereof; R'is -}

lhn

A Cis. Or tmﬁ% douhle.bdnd or a

Ring-Dis-a 9:77 membered

monocyclic ring or 8-10 m

clie—ring cg$np+nr| frnm
A H

the group

consisting of aryl, heteroa

y]l, h%%ucjh,l_yl, are- 98
164 06
170 99
172 99
173 o8
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carbocyclyl salﬁéteroaryl or heterocyclyl ring havin 1”ring
cted from the group consisting of §g&ogen, o

g% l%mév erein each substitutable ring carbon of Ring D is Tyfgsmosmsslm
independently substituted by oxo, -T-R5, or -V-Z-R5, and each
substitutable ring nitrogen of Ring D is independently substituted by -R4;
T is a valence bond or -(C(R6')2)-A-; 25@Listamgalence bond or a C1-C3
aIkyIidenevg;Qaqlggy I‘%ll‘ka methylene unit of said CI-3 alkylidene chain is
optionally replaced by -0-, -S-, -N(R4)-, -CO-, - CONH-, -NHCO-, -SO2 -
-SOZNH-, -NHSO2 -, -CO2 -, -OC(0)-, -OC(O)NH-, or -NHCO2-; Z is a
C,4 akylidene cm_ain; meom@smmﬁgﬁé%ﬁgmowlm Lis
selected from the group consisting of -0-, -5-, -SO-, -502-, -N(R6)S02
-S02N(R5-, N(R6)-, -CO-, -CO,, -N(R6)CO-, -N(R)C(0)O-, -
N(R6)CON(R)-, -N(R6)SO2N(R6)-, -N(RE)N(R)H*C(O)N(R6)-,
-OC(O)N(R)-, - C(R6)20-, -C(R6)2-, -C(R6) , -C(R6)2S02-,
-C(R6)2S0O2N(R)-, -C(R6)2N(R6)-, 5 C(FQ'S')C(O)- -C(R6)
2N(R6)C(O)O-, -C(R6)=NN(R6)-, -C(RE)= N-O-, - C(R6)2N(R6)N(R6)-,
-C(R6)2N(R6)SO2N(R6)-, and -C(R6) 2(RYCON(R6)-; R2 and R2' are
independently selected from the grougycongistiggef -R and -T-Vd-R6, or
R2 and R2' taken together with their intervening atoms form a fused, 5-8
membered, unsaturated or partially unsaturated ring having 0-3 ring 10
heteroatoms selected from the group coheistiiglof nitrogen, oxygen, and

~ sulfurg wmremaﬁheaumiﬁu&a@&ﬁiaa&@m of saighfyard-Hng fermed

by R2 and RT is md dentl sub -CN, -NO2, R7,

or -V-R6, and each ;%Sgﬁ utag &7ing nit rsoegee°¥hegf s%’d%ér?gﬁﬁgﬂsﬁ%ﬁé’f “T-R’
and R2' |sﬂFPfHépZ*r%fently substituted by -R4; 15 R3 is selected from the

group consistingefisReleb@l0 sefRhe Borsfsfig or GRS 5 =
-COCH2CQR, -NO? %ﬁ QR, -S(O)2 R, -SR, N(R4€2 - CON R)2
_SO2N(RAFBCEOIREN )tﬁ‘ﬁey RAR7 S0 ¢ B afipriaciond or a mixture
N(R)N(RAIZreaf=NN(R4)2, -C=N-OR, -N(R7)CON(R7)2, -N(R7) S02

N(R)2, - N(R4)S@ggz,]a@gn£§(0)N(R)2 20 each R is independently

hydrogen or an t|o al substituted group selected from the group
consisting of CI- é i8, T RR P HoRs i Fingpr 8-10 membered bicyclic

nng selected from the group consisting of aryl, heteroaryl, heterocyclyl, and

carbocyclyl, said heteroaryl or heterocyclyl ring having 1-4 ring heteroatoms

20 selected from the group consisting of nitrogen, oxygen, and sulfur, wherein each
substitutable ring carbon of Ring D is independently substituted by oxo, -T-R>, or
“V-Z-R®, and each substitutable ring nitrogen of Ring D is independently
substituted by -R*;

T is a valence bond or -(C(Rs‘)z)-A—;

25 A is a valence bond or a C;-C; alkylidene chain wherein a methylene unit
of said Cy3 alkylidene chain is optionally replaced by -O-, -S-, -N(@®R*)-, -CO-, -
CONH-, -NHCO-, -80; -, -SO;NH-, -NHSO; -, -CO0; -, -OC(0)-, -OC(ONH-, or
-NHCOy-;

Z 1s a Cy4 alkylidene chaim;
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having 5-10 rin )ms, and a heterocyclyl ring havin “iw(')"ring atoms;

eqnlh By issinge®ndently selected from the group co ting 0fF8171U32006/0381-7 4
-CORY7, C02(opt|onally substituted CI-6 aliphatic), -CON(R)2, and

-S02R7 ; 25 each R5 s in ently selected fro the rou conS|st|n
of -R, halo, - ORE ggg%égggr%%ﬁs I‘@g ?R S0,
R, -SR, MR“')S?Ozl‘I{KﬁN(R‘E)@R BO2R(R)2, -@E(, O)RR‘SMB'),CORGRG}C(O)@ -

N(R)COZ _u_ aI| N(R
and -OC(= Zb) MT d‘ > -
-SO-, SSOQ(R"»NB@S@ smw(gmw@q} C@RG)@@QR 5N(R@oﬁ§}m-om -
CONRERS W‘R@% PSSOl sl g comay:
Pcé$/(3§§8é CRe1EH zg%ﬁgg%mm@ﬁ frppy Y FREOVOALBERT R and
C(RB2N( %6@&8%8%\‘,1&%%) MR ERE Seéher with their m(ie;;%ﬁ?; gl’{logn;é;onn a fused,
-C(R6)2N§?) ?ég) an %6‘3’2@5&3} NS rris Sttt ot 8
s
s % and R? §
-C(R6)0 N%%}Né@é%%@gz Pg‘ﬁc boC(R512d-N(R6§j§%) wl: dR"is
C(R6)=N 6 REN ( ; or'—V—R, and each
-C(R6)2N ({RBy802NR8)z, niB(RE) 2N{RE D@ M@Rx)e;iandnt@m (R6)s; imaafendently

R6 is mdemﬁgﬂ%&@cted from the group consisting of hydrogen and

an opitgonally suhstituted C14 aliphatic group, or two R6 groups on the
same “10 nitrogeh AtoTTHAY B8 SO fRr s - ﬁﬂré@l@n HHBnrtd=OR, -

form a 3-6CABMKEPEPRetEIOCTRIYOB: R0, HBD)BACR(BE, BS -SR, -N(R™,, -
independentygel;clebiram fgbe@@% NSIgHMEORNY aﬁ@;&g%&%ﬁ a%t%hahc)

aliphatic group, or LWO eont €,same carpon atogn are t

form a 3- &l Carhbifcle rﬁ]glq%ea%ﬁqg’lﬁﬁdépéfﬂ%htﬁp NR®R), -

selected fid(R YO Hfoug eDAGSHNGOS:hydrogen, a Cl_4 aliphatic group,
haloggn, option t Il bstt t

o el o At ey LIRS B SpaLEE SRR roup
membered® éé%ﬁcﬂi‘ﬁwgﬂéﬁd"é‘é@ﬁ’ﬁ?fsqwé‘ﬁiéﬁﬁérﬂyisérébtédwwl ring

the group eonsisting sidydragen 2Rcancoacophignaling sDHHILE (6
aliphatic group, %EJM\"R‘% 8&%@%@%‘; |tr,9 4 om the group consisting of -R’, <COR’,
-CO(optionally substituted Cy.¢ aliphatic), <CONR"), and -SO,R” ;

25 each R is independently selected from the group consisting of -R, halo, -
OR, -C(=O)R, -CO:R, -COCOR, -NO,, -CN, -S(O)R, -SO; R, -SR, -N(R"),, -
CONR") -SONRY,, -OC(=O)R, -N(RYHCOR, -NRYHCO» (optionally
substituted  Cps  aliphatic), -NRONRY;, -C=NNR?*,; -C=N-OR, -
NR*CON(R),, -NRHSONRY:, NRDSO:R, and -OC(=0)N(R™)z;

30 V is selected from the group consisting of -O-, -8-, -80-, -SOp-, -
NRHSO0z, -SONR®-, NRH-, -CO-~, -COz-, -NRHCO-, NREHCO)O-, -
NERYCONRS-, -NRHSONRE-, -NRONRS-, -C(OIN(RS)-, -OC(O)NRS)., -
C(R%) 20-, “C(R%),S-, -CR®,80-, -C(R%,804-, -CR%,SOMN®RE-, -CRONRS,
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are taken toget ith the nitro_g_en to form a 5-8 me __-.-, heterocyclyl
e s sk mos s R e
PCTUS20GBOR AN H“q&%mﬁqi%%ﬁﬁéé%mm o,
(N- 11 NN g G KRR NS R S R

1

N 12 N J- NH2 o) 31N.§Flecte8 from the group consxstmg of —C(R )20- ~C(R )25~

CR®):80-, -CR™S0r, -CR®,SOMNRY-, -CRNERS-, -CO-, -CO,-,

5 CR)HOCO) -CRIOC(ONER?-, -CRENRS) CO-, -CRYNRICO)0-

CR=NNR)-, -CRY=N-0-, -CR)NRINR?)-, -C(R“)ZN@G)SOZN(R") :
CR%NERHCONRS-, and -CON(R)-;

each R®is mdependently selected from the group consisting of hydrogen

and an optionally substituted Cy 4 aliphatic group, or two RS groups on the same

10 nitrogen atom may be taken together with the nitrogen atom to form a 3-6

membered heterocyclyl or heteroaryl ring;

each R® is independently selected from the group consisting of hydrogen
and a Cy.4 aliphatic group, or two R® on the same carbon atom are taken together
to form a 3-8 membered carbocyclic ring;
i5 each RS is independently selected from the group consisting of hydrogen,
a Cy4 aliphatic group, halogen, optionally substituted aryl, and optionally
substituted heteroaryl, or two R® on adjacent carbon atoms are taken together to
form a 5-7 membered carbocyclic ring; and
each R' is independently selected from the group consisting of hydrogen
20  and an optionally substituted C)¢ aliphatic group, or two R'on the same nitrogen

are taken fogether with the nitrogen to form a 5-8 membered heterocyclyl or

heteroaryl ring.
2. A composition selected from the group:
Example Structure Exzmple Structure
No. No.
A N HN._z

NOE / )
HN N
/

HN~p
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HNS HIN. T Y HE@HN-N 17 HN- 18 HN-N HN HN~ @IN L N H2N ~O N
WG PNRABS 129 Wo 2007/041358 PCT/U52006/038174 ~"ECEUS2006/638174
HN N 2Q,5N N N HN, HZN AN HZN ‘N Q O N/\ O C! O | CF3 21 HN-N

NIJNH2 HNH' "WH—K-/N-N HN-N 14 15 N\ ci\ (/N Nc .PJ/ NH2 NH2

22 HN-N HAUHN" @2} IN HZN NNV F[ 0 © 28 @ 24 HN-N HIVP S
N HZN \{N H2N\i \/. lN\N P tN\ N\)
N, | WINQZ

N Nz
HN HN
e —
p
8 SEE
N~
\f\[NOZ N‘(;[Noz
HN HN
= =
/
16 -~
g 11 N=
7 IN\ N | HN_
N%NHZ O A~ N NH

¥/
12 -
0 13 (" NH
N\ N\/' &\GN\ N\)
, N._=
JNHZ NW;ENHZ
HN HN
= —
/4
14 O 15
N._=
HN HN
= -
¥/
17 Hy—N 18 NN
b 3
HNM ' HN/’%)“
OZN ‘ "\N HzN \N
‘\/0 N/ - \¢G I N/ _z
o o]
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0 OMe iN O/ 25HN-N 26 HN_N HN HN\ HZN N !'I% ----- fNOOJO 29
NeNH AN NE @IN 0. (N~"% W ~ ~N CIN N ~ 31 32 N-NH HN //
HN7 PN NORIN N 130 WO 20071041358 PCT/US2006/0381 74 B RORf1§38174

370 X =CHB A N-CHNS X =N/ | =T Noe-HNY .N-NH
38 2 39,0 Mbo) CND Meo GNEX | | NANJI\/ [N NINO2 N NEFEN Y\
HN 4\ N-NH NFNH 40 N&]N N-NH HN!/HN//NN HNT
HaN Aoy HoN i S
~.0 I N”‘\\/\@\ ~.C N%
s)
© Cl CFy
21 HN~—N 22 N-—N
23 HN‘N 24 HN"“{
N U
25 HN‘N 26 HN-N
' HN \ HN/I%)\
Hal. A
HoJ Y N
N N o ! A
~ } NJ\/\@
i ot ©
28 ;\;—NH 30 N-NH
|
N~ N7
B N
P ! -
31 ;\j—»NH 32 N—-NH
!
HN 7 HNJ\/)\
I»: 0
A P
N~ N = N7 N7 TN
{ ® S
= -

130




J)N'N'N /NN 42

{H43 N-NH HNr/NHNINNN rN.N NJN/44

NNHAS ., HNEINN N N HN IN NN NN/0\NJ 4 47 HN
N0 AN HRR C /NN NN" N 1/\_NJ's/ 131 WO 2007/0413‘%‘%?‘“”“'*"’2{”“*"038174
PCT/US2006/038174 48 H 49 N-NH N 10 HN HNN.<O N=NINNCI
50 N-N 51 RANH HN HN /NrN N1 OCH3 N RN Q\ OfH3 ,-NJIN
HN— o
A~y X=ClLBr,
|
X \N’J\//—’\Q
38 6] 39
MeQ (\N/
O A NS
N\(;[Noz
HN A
N~njHy
40 N-NH 41
|
s
g
. (\N \N)\/\Q
42 N-NH a3
|
e
i
(N SNTNF
N
44 N~NH 45
!
5 O
# TN
|
(\N \Nm
N
46 Nﬁ 47
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NN
N
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52 N-NH 53 N-
Neiibolid354d

FHNt/ HN/ ~NNNN-~N/\NO
O NN NNNSsSN~fN~H .NJ 56

4 N-NH 55

H 57 bb'}‘)ﬂs%&'s/bssm

HHHNI/ Nr-rNNO~NN~NN HN 58 N-NH 59 N-NH HN ‘el N ~

N ~NJ He<-0-2.832-WO0-2007/041358 PCPR/IIS2006/0381.74.-60 N-NH Rj_
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176 WNH 177 WNH HN~// HN k/ N ~N /N rN Nf ~NC> 178 N-NH 179
N-NH HNt/ HN4/ NN N N/IN N HN 1\ and biologically acceptable salts
thereof. 3. The composition of Claim 2 wherein the composition comprises
particles that are less than about 2microns average particle size. 4. The
composition of Claim 2 wherein the composition is incorporated into a
biodegradable or non-biodegradable polymer. 5. The composition of Claim
2 comprising a compound selected from Claim 2 and an additive. 6. The
composition of Claim 5 wherein the additive is selected from an
anti-oxidant, a buffer, a bacteriostat, a liquid carrier, a solute, a
suspending agent, a thickening agent, a flavoring agent, a gelatin,
glycerin, a binder, a lubricant, an inert diluent, a preservative, a surface
active agent, a dispersing agent, a biodegradable polymer, or any
combination thereof. 7. Use of a composition selected from the group of
compounds of Claim 1 in the manufacture of a medicament for the
tig@tnment of autoigartine disease | In natory diseaggypeurofogicatgr
neuro egenerativ,g‘ig%ease, cancer, Iclzi’[r.rc:hovascular dg@e— allergy,
asthmga, or a hor one-related disepse. 14 8. The of Claim 7 wherein
the cancer is a so tumor blood Qorne tumor, bregstfovary, cervix,
prostate, gté\ 5, g ni y tract, esophagug,"tal Y gl ma,
neuro La‘é‘, a, stomac i ratoacanthemad lung, epid i
carcinoma, large cell carcmoma small cell carcinoma, lung L:>
adengcarcinoma, bone, colon, adénoma pancreas, adenocarcinoma,
thgoid, follicular carcigenta, undifferemiated carcinoma, pgpRAry
carcinoma, seminomad! oma,jsarcom|a, bladder carc,:ilﬁ\oﬁa,-liver
carcinoma and biliah passages, kifdney cgrcinoma, my@ id disorders,
lymphoid dlsordef%tmdgkin's, haity cells,buccal cavity 1Iqarynx, lip,

% S m

and biologically acceptable salts thereof.

3. The composition of Claim 2 wherein the composition comprises
particles that are less than about 2microns average particie size.

_ 4. The composition of Claim 2 wherein the composition is
incorporated into a biodegradable or non-biodegradable polymer.

5. The composition of Claim 2 comprising a compound selected from
Claim 2 and an additive.

6. The composition of Claim 5 wherein the additive is selected from
an anti-oxidant, a buffer, a bacteriostat, a liquid carrier, a solute, a suspending
agent, a thickening agent, a flavoring agent, a gelatin, glycerin, a binder, a
lubricant, an inert diluent, 'a preservative, a surface active agent, a dispersing
agent, a biodegradabie polymer, or any combination thereof.

7. Use of a composition selected from the group of compounds of
Claim 1 in the manufacture of a medicament for the freatment of autoimmune
disease, inflammatory disease, neurciogical or neurodegenerative disease.
cancer, cardiovascular disease, aliergy, asthma, or a hormone-related disease.
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tongue, mouth, pharynx, small intestine, colon-rectum, large intestine,
rectum, brain and central nervous system, or leukemia. 9. Use of a
composition selected from the group of compounds of Claim 1, in the
manufacture of a medicament for the treatment of a disease associated
with undesirable neovascularization. 10. The use of Claim 9 wherein the

disegse assgpiaied ¥y RASSIRBGNREVAREUATIALAN FPMIECEB5H Bbrme

neovascular disease, diabetic retinopathy, retinopathy of prematurity,
BB R e iR et OsiEie 4P YisueBniR UieYetirsb ritaPRBRG R R
gliepickeonia keratatonjtomotyitsitamiskhk deteirosyacontast |eng epidermoid
ca&_Yr?cEWﬁa{a@@E&@%%H%%PB%WAEW%‘%W%& ',S’ltﬁwt%rélgle%rgclé?r: tﬂtr'r'wsa, bone,

sicca, Sjogren’'s syndrome, acne rosacea, p%y ectenulosis, syp?u IS,
colRfycoBeRieme infeRueiRsslipid HEGEALTARBIR, chibiiieidl bipHsUnictewasinoma,
untileershisragatuleRismECRRR SiMplexoiestiansnileme sRostiss e cipnma,
oRiRlozoan Infections Kanosts sarcpma, Moorens yiger Temiens,. o i
marginal degeneration, marglnap efa ot"yglas,%?guﬁ\a, H%’u?ﬁ&%%i“é%tﬁ‘?#%?'
disgydesnity lpeidpaisenderiisHodsermersabarcsitiosisy@eleddsty, pharynx, lip,

torgiRYaRolRNNSRIhASe a5 NRRRHIG oI Jadinkkar Aoty Rt Rereal graphsin

re((jjgctiog, sickle cell anem\a, sarcoid, pseudoxanthoma elasticum, Paget'
and 043 8c0éine® 8&%0?{ 8%5?9‘?43 occlusion, carotid obstructive

disease, chronic uveitis/vitritis, Lyme's disease, systemic lupus

erythematosis, Eales,Hiseassn Bechalfrinease giﬁfﬁﬁ%?'&%rﬁgtiéﬁb%%f Claim

retinitis or choroiditis, presumed ocular histoplasmosis, Best's disease,
% \‘?1%%[‘5?B%&%ﬁs?@t&?@ﬁﬁ%%%éb%éfr%ag%mé’,f afitssRSfeRpRgciated with
undethshbimeatvhypeardisensity syndromes, toxoplasmosis, or post-laser
complications. 11. The use of Claim 7 wherein the inflammatory disease is
excessive or abnormal stimulation of endothelial cells, atherosclerosis,
vascular malfunctions, abnormal wound healing, inflammatory and

immume disigerss Bechahs dighasan grUEREESMY-aHhHELS: ARACTAMSirable

angiogenesis accomlpane/ir%% rlheumatoid agthritlicg, skin diseases, . h
e it a S 2 R St R O athy Fet NORERT 6f prarRAatSrit” ARfbfertinorathy.
retiflorohysicy, mamarrwﬁgmmaabmra@rmemcgmﬁt refectisnyiaeorascuter and
retRHEAMB BpI4RIST WWRRESHisHRIRRREn 1A MR OhASAmPRsilan selectetact

from the group of compounds of Claim 1, in the manufacture ofa =~
1N CYRAIRRN T e Gl FUBPECE SROF sl AiSOAtEN Terais Fera
Sjogk€laimsiBdndresein dbeeG StcScamdiatededisearaiis diahettls, Mycobacteria

infections, lipid degeneration, chemical burns, bacterial ulcers, fungal uicers, Herpes
simplex infections, Herpes zoster infections, protozoan infections, Kaposi's sarcoma,
Mooren's ulcer, Terrien's marginal degeneration, marginal keratoiysis,. trauma,
rheumatoid arthritis, systemic lupus, polyarteritis, Wegener's sarcoidosis, Scleriiis,
Steven-Johnson disease, pemphigoid, radial keratotomy, or corneal graph rejection,
sickie cell anemia, sarcoid, pseudoxanthoma elasticum, Paget' s disease, vein

occlusion, artery
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Alzheimer's disease, Huntington's Disease, Parkinson's Disease, AIDS-
associated dementia, amyotrophic lateral sclerosis (AML), multiple
sclerosis (MS), schizophrenia, cardiomycete hypertrophy,
reperfusion/ischemia, or baldness. 144 14. The use of Claim 7 wherein
ocghisigiedieanvissht ¢tttV rdissfageabiéroricapetils/ ditdizengwna 'sadissse,
syﬁéﬁf@ﬁ@h%ﬁ@ﬁfﬁ@b %ﬁ{%@@%’@é‘%@ B@tWQ%ﬁ‘rs @@e@@éoﬁﬁ[!ac%ons causing a
suppositor ra astille, an ointment, a cream, a paste, a foam, a
o U I pe S o8 BRI DI A BT clrE a5y oPi. oplc
p1t$raﬁwgsm‘al pateine 14Brs planitis, chronic retinal detachment, hyperviscosity

syndromes, toxoplasmosis, or post-laser complications.

11. The use of Claim 7 wherein the inflammatory disease is excessive or
abnormal stimulation of endothelial celis, atheroscierosis, vascular malfunctions,
abnormal wound healing, inflammatory and immune disorders, Bechet's disease,
gout or gouty arthritis, abnormal angiogenesis accompanying rheumatoid arthritis,
skin diseases, psoriasis, diabetic retinopathy, retinopathy of prematurity, retrolental
fibroplasic), macular degeneration, corneal graft rejection, neo vascular glaucoma or

Osier Weber syndrome.

12. Use of a composition selected from the group of compounds of Claim 1,

in the manufacture of a medicament for the {reatment of a GSK-3 mediated disease.

13. The use of Claim 12 wherein the GSK-3 mediated disease is diabetes,
Alzheimer's disease, Huntington's Disease, Parkinson's Disease, AlDS- associated
dementia, émyotrophic lateral sclerosis  (AML), multiple sclerosis (MS),
schizophrenia, cardiomycete hypertrophy, reperfusion/ischemia, or baldness.
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14, The use of Claim 7 wherein the medicament is in the form of a tablet,
a capsule, a lozenge, a cachet, a solution, a suspension, an emuision, a powder, an
aerosol, a suppository, a spray, a pastille, an cintment, a cream, a paste, a foam, a

gel, a tampon, a pessary, a granule, a bolus, a mouthwash, or a transdermal patch.
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